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Abstract 
How and when children acquire knowledge about biological concepts is of great interest and 
importance for researchers in developmental and educational fields.  Children’s early developing 
folk theories of biology provide a foundation for later formal learning about biology that happens in 
school, so understanding where and how early knowledge about biology is acquired can help in the 
development of effective educational materials for formally teaching biological concepts (Inagaki & 
Hatano, 1997, 2003, 2004, 2006).  Children’s folk biology also informs their behaviour in everyday 
life, for instance, by determining how children think and respond to significant biological events 
such as the death of a pet or the birth of a sibling.  Of particular interest is the developing 
understanding of natural processes such as birth, death, inheritance, and ecological relations. The 
biological concept of death is learned almost exclusively though informal experiences such as 
parental conversations, observations of nature, and personal experiences of death, because it is not a 
topic that is addressed in schools outside of “crisis” situations. Considering this, differences in the 
rate of acquisition of this fundamental biological concept would largely reflect the effects of 
sociocultural differences and informal experiences. As such, children’s developing understanding of 
death provides a unique opportunity to explore a biological concept which develops primarily 
through informal learning. 
This thesis comprises of three studies that combine to contribute to the existing literature on 
children’s biological concepts, in particular death. These studies seek to identify factors which 
influence the development of children’s biological concepts, to evaluate whether children living on 
farms differ in their biological understanding to those living in cities, and to assess the role of 
parental communication in children’s emerging understanding about death and dying. Participants 
consisted of 152 children aged between 3.8 - and 8.11 – years and their parents (n = 139) living in 
central or south-east Queensland. Participants included families living on farms (n = 83) or in the 
city (n = 69). Children were individually interviewed to assess their ecological reasoning, death 
concepts, and formal science knowledge, while parents completed a self-report questionnaire about 
their child’s experiences with nature, death, and the lifecycle, and how they communicate about 
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death and dying with their child. Study 1 explores the ecological, individual, and experiential 
factors which influence the development of children’s biological concepts, and the order in which 
children acquire the sub-concepts of death. Results indicate that children’s understanding of death, 
including each of the separate sub-concepts, and their formal science knowledge were all positively 
associated with children’s age. Children’s death concepts were significantly associated with 
religious belief, such that children from non-religious families demonstrated more accurate death 
understanding than religious children. Parental education and parental communication were also 
related to children’s death understanding, with parents with higher education or who communicated 
more effectively, having children with more mature death concepts. Study 2 explicitly compared 
farm and city children’s ecological reasoning, death understanding, and formal science knowledge. 
This study revealed that farm children were more inclined to demonstrate sophisticated ecological 
reasoning patterns. Study 2 also revealed a significant interaction between children’s rearing 
location and parents’ level of education, on the development of death concepts. City children whose 
parents were more highly educated, demonstrated more mature death concepts than city children 
whose parents had lower levels of education. However, no effects were observed for farm children’s 
death concepts relative to their parents’ level of education.  Study 3 examined parental 
communication about death in greater detail to determine: (a) whether farm and city parents differ 
in their communication, (b) the relationship between children’s death understanding and parents’ 
communication, and (c) factors which influence how effectively parents communicate about death. 
No difference was observed between farm and city parents’ communication about death, 
irrespective of children’s age. Correlational analysis confirmed that even when age had been 
controlled, parental communication was significantly associated with children’s understanding of 
death, with more effective communication being correlated with more mature death concepts. 
Further examination found that parental communication was positively associated with the death 
sub-concepts of inevitability and irreversibility, but did not correlate significantly with children’s 
understanding of applicability, cessation or causality. Correlational analyses of ecological, 
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individual, and experiential factors thought to influence parental communication identified several 
predictors of parents’ communication efficacy. Linear regression confirmed that religious 
affiliation, SES, and the number of deaths children had experienced predicted how effectively 
parents communicated about death and dying, such that parents who were not religious, from higher 
SES families, or whose children had experienced more deaths, had better communication. 
Mediation analysis was conducted to evaluate whether the significant effect of religious belief on 
children’s understanding of death was mediated by parental communication. Results confirmed that 
while a small mediation effect may occur, religious belief and parental communication contribute 
independently to children’s death understanding, with parental communication no longer being a 
significant predictor of children’s overall death understanding once religious belief has been taken 
into account.  
Taken together, the findings of the three studies confirm that children’s informal knowledge 
of biological concepts is linked to personal factors including age and religious beliefs, as well as 
environmental factors including rearing location and parental communication. We conclude with a 
consideration of the theoretical and practical implications of these findings and discuss future 
directions of research.  
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Chapter 1: Children’s Naïve Biological Understanding 
How young children understand and learn about the world has long fascinated 
developmental psychologists. There has been a recent shift in how cognitive developmentalists 
conceptualise the way that children think and understand the natural world (Hickling & Welman, 
2001; Slaughter, 2005; Vlok & DeWitt, 2012). Over last few decades it has become widely 
accepted that young children possess a distinctly biological theory, referred to as a naïve theory 
of biology or folk biology, which guides their understanding of biological phenomena (Bonoti, 
Leondari, & Mastora, 2013; Inagaki & Hatano, 2006; Slaughter, 2005). Children’s naïve 
biological theories begin to develop prior to any formal schooling and are believed to develop 
through their informal experiences with the natural world (for example, conversations with their 
parents, interactions with nature, raising pets, etc.). Thus, children draw on their own experiences 
to develop their own naïve theories of biology to help them understand and make sense of the 
biological phenomena. This naïve theory of biology is believed to enable children to acquire and 
organise knowledge about biological phenomena, and subsequently provides a framework for the 
acquisition of new knowledge and biological concepts (Coley, Solomon, & Shafto, 2002; Morris, 
Taplin, & Gelman, 2000; Wellman & Gelman, 1992).  Importantly, children’s naïve theories 
about biology serve as precursor to the mature intuitive theories that adults possess. As children 
encounter and incorporate new scientific and school biology into their existing framework, their 
theory of biology changes, eventually matching the mature theories held by adults.  
One of the central functions of children’s naïve theories of biology is to provide children 
with a set of causal devices which enable them to make coherent predictions and provide 
explanations about biological phenomena, advancing their knowledge and understanding about 
the world (Coley et al., 2002; Hickling & Welman, 2001; Inagaki & Hatano, 2006; Morris et al., 
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2000; Solomon & Zatchik, 2012; Vlok & DeWitt, 2012). These causal-explanatory devices not 
only act as a means for advancing the acquisition of knowledge, but also provide researchers 
with a way to better understand how children think about biological phenomena (Hickling & 
Welman, 2001). Children are not constrained to a single type of causality when reasoning about 
the world (Gutheil, Vera, & Keil, 1998; Inagaki & Hatano, 2004, 2006). The literature notes that 
children use multiple causal frameworks and explanations to predict and interpret new biological 
phenomena; with children drawing on existing knowledge and applying a causal-explanatory 
framework based on relevance, context, and the type of phenomena (Inagaki & Hatano, 2004, 
2006). 
Inagaki and Hatano (2003, 2006) argue that children’s preferred reasoning about 
biological phenomena, in particular concepts such as illness, life, growth and death, is through 
the use of a vitalistic framework (Ergazaki & Androtou, 2010; Inagaki & Hatano, 2004). They 
argue that vitalism assumes that bodily parts, functions, and processes exist within living things 
in order to sustain life (Morris et al., 2000). Furthermore, they argue that this vitalistic 
framework represents an intermediate form of causality which gradually becomes more 
mechanistic (scientific or biological) in nature as children acquire more knowledge (Ergazaki & 
Androtou, 2010; Gutheil et al., 1998; Morris et al., 2000). More generally, Inagaki and Hatano 
(2003, 2004, 2006, 2008) suggest that before children possess sufficient specific biological or 
physiological knowledge to inform their understanding, they rely on a framework based on the 
assumption that living things possess some vital power, which exists within them, and which is 
necessary for health, growth, and sustaining life. Thus, as children acquire more knowledge 
about biological phenomena, their causal explanatory framework becomes more scientific in 
nature, and their understanding of biology develops into the more mature intuitive theories that 
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adults possess. One biological concept which exemplifies the development of children’s 
biological understanding from the initial acquisition of a vitalistic causal explanatory framework 
through to a mature scientific causal understanding, is the concept of death.  
Once children acquire a vitalistic understanding that the central biological goal of all 
living things is to maintain life, they begin to reformulate their understanding of death 
(Badenhorst, 2010; Slaughter, 2005; Slaughter & Lyons, 2003). Thus, they are able to reason that 
the opposite of life is death, that all living things are endowed with life, and are therefore capable 
of dying. Furthermore, once they begin to understand that the central goal of bodily functions is 
to maintain life, then any malfunction or disruption of bodily processes will upset the 
maintenance of life, and ultimately result in death, and death must therefore result in the 
cessation of all bodily functions.  
Thus, the development of children’s understanding of death as a biological process begins 
when children acquire the basic premise that the maintenance of life is the central goal of living 
things (Badenhorst, 2010; Slaughter, 2005; Slaughter & Lyons, 2003). Once this vitalisitic 
framework is established, children begin to reformulate their existing knowledge into this new 
understanding of death (Badenhorst, 2010; Slaughter & Lyons, 2003). Furthermore, they 
gradually begin to incorporate more complex elements and seek out more information to develop 
their understanding of death. Eventually, as their biological understanding of bodily processes 
and functions develops, their causal framework gradually shifts from a vitalistic understanding to 
a more mature/ scientific causal framework, and they eventually acquire a fully mature 
understanding of death as a naturally occurring biological process resulting from the breakdown 
of bodily functions, which occurs to all living things, and is irreversible.   
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Although there is evidence that some of children’s fundamental folk biological concepts 
are universal, research examining individual and cultural differences has found variations in the 
rates of acquisition and developmental trajectories of some biological concepts, particularly in 
children’s reasoning and categorisation (Gutheil et al., 1998; Hatano & Inagaki, 2000; Inagaki & 
Hatano, 2004). Like other knowledge systems, children’s naïve biology is constructed through 
children’s experiences in their physical and sociocultural environment (Inagaki & Hatano, 2004). 
As a result, research suggests that cultural differences, sociocultural factors, and direct 
experiences and observation of biological entities and phenomena play an important role in both 
adults’ and children’s conceptual development (Coley, 2000; Coley et al., 2002; Hatano & 
Inagaki, 2000; Inagaki & Hatano, 2004; Waxman & Medin, 2007). Given that children’s prior 
knowledge has a strong, direct effect on subsequent learning (Coley, 2000), identifying factors 
which may influence the acquisition of knowledge and trajectory of conceptual development is 
important for understanding how children think and learn about biological phenomena.  
There is growing evidence that cultural differences can result in different developmental 
trajectories and the rate at which children acquire knowledge about biology (Coley, 2000; 
Slaughter, 2005; Solomon & Zatchik, 2012). It has been suggested that such differences could be 
due to differences in cultural beliefs about nature and living things, linguistic differences, and 
cultural attitudes towards the relationship between nature and humans (Coley et al., 2002; 
Gutheil et al., 1998; Hatano et al., 1993; Hatano & Inagaki, 2000; Shepardson, 1997; Vlok & 
DeWitt, 2012). Such cultural influences can also include scientific, traditional, spiritual, and 
religious beliefs. For example, Tarlowski (2006) found evidence that how parents talked about 
animals and nature served as a form of cultural transmission. 
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Sociocultural factors such as SES, parental education, social interactions, and support for 
scientific thinking are also believed to influence children’s conceptual development (Inagaki & 
Hatano, 2008). Sociocultural contexts which provide children with various competing pieces of 
information is also believed to encourage conceptual change (Gutheil et al., 1998; Hatano & 
Inagaki, 2000; Inagaki & Hatano, 2008).  Such contexts can include everyday experiences, 
activities, access to resources, and social interactions with parents, peers and others. One of the 
most important examples of sociocultural influences on children’s conceptual development is the 
role of parental and peer interactions (Gutheil et al., 1998; Hatano & Inagaki, 2000; Inagaki & 
Hatano, 2008). Social interactions enable children to encounter different beliefs and explanations 
which facilitate revision of existing knowledge and provide solutions to new or existing 
problems.  
Another way in which sociocultural factors may influence the development of children’s 
biological concepts is through opportunities to engage in activities and experiences with nature, 
which enable them to construct their naïve theories of biology (Bartsch, 2002; Hatano & Inagaki, 
2000; Vlok & DeWitt, 2012; Waxman & Medin, 2007). There is growing evidence to indicate 
that children’s’ everyday experiences and observations of biological entities and phenomena 
influence children’s developing understanding, reasoning and theories about biology (for e.g. 
Bartsch, 2002; Hatano & Inagaki, 2000; Vlok & DeWitt, 2012). While children’s naïve biology 
encompasses numerous areas, to demonstrate the role of experiential and cultural factors on the 
development of children’s naïve biological theories we will discuss one biological concept which 
has been found to be strongly influenced by cultural and experience: children’s patterns of 
inductive reasoning.   
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Several studies have demonstrated the influence of cultural beliefs and everyday 
experiences and observations of nature on both adults’ and children’s inductive reasoning (e.g. 
Inagaki & Hatano, 2003; Unsworth et al., 2012). Category induction tasks test children’s 
concepts of affinity by teaching them about a novel property or feature in one biological kind 
(e.g., “lions have this stuff called rota”) and then asking whether other biological kinds (e.g., 
tigers, mongoose, vultures, crocodiles) share that property. Induction reasoning tasks are a useful 
method for assessing adult and children’s reasoning (Inagaki & Hatano, 2003). This is because 
an individual’s answer is dependent on their prior knowledge, goal and context. As such, an 
individual’s response is greatly influenced by the conceptual categories and knowledge that the 
individual possesses (Inagaki & Hatano, 2003). This method of assessing reasoning reflects one 
way in which cognitive developmental researchers can assess and better understand children’s 
naïve biological theories (Bonoti et al., 2013). Furthermore, research indicates that how 
individuals organise knowledge and make inferences in novel situations depends on an 
individuals’ access to biological knowledge (Unsworth et al., 2012). As such, individuals draw 
on their prior knowledge, experiences with and observations of nature, animals, and biological 
phenomena to guide their inferences (Shafto & Coley, 2003). 
Studies exploring influences on inductive projection and categorisation task performance 
indicate that differences in children’s prior knowledge, which can be acquired through 
experiences, observations, and cultural transmission, influence reasoning patterns in both 
children and adults (Coley, Shafto et al., 2005; Coley, Vitkin et al., 2005; Shafto & Coley, 2003; 
Unsworth et al., 2012). Coley and colleagues (Baker & Coley, 2005; Coley, Shafto et al., 2005; 
Coley, Vitkin et al., 2005; Shafto & Coley, 2003) propose that individuals first use similarity as a 
guide for categorisation and organisation of knowledge. When making inferences about shared 
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properties, young children and adults with basic knowledge about biology have been found to 
rely heavily on taxonomic similarity to guide their inferences (Shafto & Coley, 2003; Unsworth 
et al., 2012).  Taxonomic relations are based on overall similarity, shared features or properties 
(e.g. dogs breathe), or class inclusion (i.e. reptile, mammal, or bird). Coley and colleagues 
(Coley, Shafto et al., 2005; Coley, Vitkin et al., 2005; Shafto & Coley, 2003; Unsworth et al., 
2012) have proposed that taxonomic relations provide a foundation for the organisation of 
biological knowledge in both children and adults, and that as individuals acquire and integrate 
more information their reasoning becomes more flexible and sophisticated. Thus, as an 
individual acquires more knowledge about biological phenomena, they begin to utilise a wider 
variety of categories based on alternate relations, such as ecological relations, to augment their 
existing organisation of folk biological knowledge (Coley, Shafto et al., 2005; Coley, Vitkin et 
al., 2005; Shafto & Coley, 2003). Because individuals are sensitive to the relationships between 
entities, they use their existing knowledge about such relationships to guide their inferences by 
taking into account the context in which the inference is being made. Thus, individuals with a 
greater knowledge-base are able to draw upon multiple relationships to inform their inferences.  
There is strong evidence to indicate that both adult and children’s knowledge and 
experiences with specific natural phenomena are the most important predictors of an individuals’ 
reasoning patterns. Studies have found that individuals with greater experience or expertise in a 
domain demonstrate greater inductive selectivity and more sophisticated reasoning patterns 
(Baker & Coley, 2005; Coley, Shafto et al., 2005; Coley, Vitkin et al., 2005; Shafto & Coley, 
2003). Thus, individuals who have more experience with the domain have been found to utilise 
various relations depending on the context of the inference, whereas individuals with little 
experience or expertise rely primarily on more basic taxonomic relations, irrespective of context. 
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In fact, it has suggested that biological reasoning, especially in relation to inductive reasoning, 
may be more dependent on biological knowledge and experience than developmental age (Coley, 
Shafto et al., 2005; Coley, Vitkin et al., 2005).  
Given that reasoning patterns guide inferences, this would suggest that children with 
more sophisticated reasoning patterns may also develop more sophisticated biological concepts 
or demonstrate more advanced rates of acquisition as they are able to draw on a wider knowledge 
base to expand and reformulate their biological theories.  
The overarching research aim of this PhD is to identify factors which influence the 
development of children’s biological concepts and more broadly, mechanisms contributing to 
children’s understanding of the natural world.  The remainder of the literature review discusses 
what is currently understood about the development of children’s biological concepts, in 
particular the unique concept of death. In Chapter 2 we examine the existing literature 
surrounding the influence of direct experiences with nature on the development of biological 
concepts in general, before focusing on the development of the concept of death, which unlike 
many biological concepts is not explicitly taught at school, but rather in the home and through 
informal learning experiences, in Chapter 3. In Chapters 4 and 5 we outline the existing research 
into how children develop this understanding through informal learning, beginning with an 
overview of the various sources believed to contribute to children’s emerging understanding of 
death as a biological phenomenon, before concentrating on the specific influence of parental 
communication.  
Drawing on the literature, this project aims to better understand the development of 
children’s biological concepts by first exploring potential sociocultural and experiential factors 
which may contribute to the development of these concepts. Having identified possible 
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influences, we then explore whether children’s rearing environment may have a significant 
influence on children’s biological concepts. Given that children’s daily experiences are 
influential in the development of children’s nave biological theories, this study specifically 
explores whether the unique experiences of children living on farms contribute to children’s 
biological understanding developing differently to children living in cities and suburban areas.  
We theorise that the experiences of living on farms may have a holistic influence on children’s 
biological understanding, over and above the effects of individual difference factors.  
Finally, we aim to explore how these factors may influence the way that parents approach 
and communicate about death with their children. Given that parents are usually the primary 
source of culturally-transmitted information about death, this provides a rare opportunity to 
examine the influence of communication on children’s naïve biological theories. We also seek to 
explore whether the same factors which research suggests influence children’s understanding of 
death, contribute to the way parents themselves communicate.  Finally, we consider the potential 
interaction of these factors in the development of children’s death concepts.   
To address these goals, we present three studies that combine to contribute to the existing 
literature on children’s biological concepts, in particular death, and parental communication 
about death. Drawing on the findings of these three studies, we then provide a general discussion 
of the findings, and how these tie in with, and expand upon, our existing understanding of 
children’s developing biological concepts. 
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Abstract 
Research Findings: 
An emerging consensus is that casual, direct contact with nature influences the development of 
children’s biological knowledge.  Here we review the existing literature on this topic, focusing 
on the effects of rural versus urban rearing environments, and pet ownership and care, on 
children’s biological concepts and reasoning.  Although the research is limited, the evidence 
suggests that these factors positively influence children’s understanding of specific biological 
phenomena (e.g. internal organ function, biological inheritance) and reasoning patterns (e.g., 
anthropocentrism, ecological reasoning). 
Policy & Practice:  
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In the modern context of diminishing outdoor playtime and limited experience with nature, this 
review highlights the importance of direct exposure to the natural world for children’s 
conceptual development in the domain of biology. 
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Direct experience with nature and the development of biological knowledge 
Considering that many children today spend more time indoors than outdoors (Planet 
Ark, 2013), exploring how informal, personal experience with nature influences cognitive 
development is vital from basic research and applied perspectives.  A small body of research 
conducted over the last 20 years suggests that direct, everyday experience with nature positively 
influences young children’s factual knowledge and reasoning in the domain of biology.  Here we 
review the relevant findings in order to draw some broad conclusions and to highlight directions 
for further research.  
We begin by outlining some of the reasons this topic is important in the modern context.  
Then we review studies that have examined the development of biological concepts with respect 
to (a) rural versus urban upbringings and (b) pet ownership and care. We end with a summary 
discussion including areas of future exploration and potential applications of the findings to date.  
Children and nature 
The amount of time children spend outdoors and interacting with nature is declining in 
many Western societies (Malone, 2007). For instance, Planet Ark (2013) conducted an online 
survey of 1002 Australians aged between 14-64 years of age, with demographic characteristics 
generally representative of the national Australian population. The survey was designed to 
investigate children’s interaction with nature and participation in outdoor activities, with parents 
of children under 16 years reporting on their child’s activities. The study found that, over the 
course of an entire month in late summer, only 37% of surveyed children had played outdoor 
games in a backyard or playground and only 39% had visited a park or reserve.  Furthermore, 
only 35% of surveyed children played outside every day, and just 13% spent more time playing 
outside than indoors.  Another survey by Planet Ark (2011) exploring children’s outdoor 
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activities in detail revealed that, in the 12 months prior to the survey, just 54% of children had 
gone bushwalking, 33% had gone camping, and fewer than 60% had visited a national park. The 
survey further revealed that a substantial minority of children up to age 16 had missed out 
entirely on some outdoor experiences, specifically 32% of children had never been camping, 
29% had never been bushwalking, 27% had never climbed a tree, 28% had never cared for a 
vegetable garden, and 31% had never planted or cared for a tree or shrub. The survey also 
indicated that, on average, Australian children spent 5.1 hours per week playing outdoors, with 
this overall average slightly higher for rural children and lower for urban children (Planet Ark, 
2011). 
A decrease in time spent outdoors in early childhood over the last 20 years has also been 
observed internationally (see Charles & Wheeler, 2012 for more information). Studies in the 
USA have found small, but significant declines in children’s participation in outdoor activities 
over the last two decades (Charles & Wheeler, 2012). Highlighting this trend, a recent study in 
the UK comparing urban children’s ability to identify native British wildlife and Pokémon 
characters found that children 6 years and older could identify more Pokémon than real, locally 
found animals and plants (Balmford, Clegg, Coulson, & Taylor, 2009). This finding is consistent 
with studies suggesting that diminished contact with, and understanding of, nature is associated 
with more developed, technologically oriented societies (Atran, Medin, & Ross, 2004).  
Understanding how contact with plants and animals influences children’s knowledge 
acquisition is especially vital in light of recent studies examining where young children have 
reported learning biological knowledge.  For example, Patrick, Tunnicliffe and their colleagues 
(Patrick et al., 2013; Patrick & Tunnicliffe, 2011; Tunnicliffe & Reiss, 1999) have found 
relatively consistent trends in America, Brazil, England, Finland, Iceland and Portugal, in 4- to 
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15-year-olds’ sources of knowledge about animals. In these studies children cited their main 
sources of information about animals as informal first-hand experiences at home, with friends, in 
the garden, and on the way to school. The media (books and television) and the zoo were cited as 
intermediate sources, while school reportedly contributed little to their knowledge base. A similar 
trend was observed in parallel studies examining plant knowledge (Patrick & Tunnicliffe, 2011; 
Tunnicliffe & Reiss, 2000). Based on these findings, Patrick and Tunnicliffe (2011) concluded 
that “school does not have a considerable influence on how children understand objects in the 
natural world, especially at younger ages” (p. 640), reflecting Shepardson’s (1997) suggestion 
that casual, daily experiences are more directly associated with children’s initial understandings 
of science than formal learning.  
Contact with nature and animals in childhood also influences people’s attitudes toward 
nature and conservation, their interest in these topics and future career choices (Charles & 
Wheeler, 2012; Prokop, Prokop & Tunnicliffe, 2008; Prokop, Prokop, Tunnicliffe & Diran, 2007; 
Zhang, Goodale, & Cheng, 2014). For example, a recent study in Finland (Uitto, Juuti, Lavonen, 
& Meisalo, 2006) found that teenagers who engaged in nature-based activities outside of school, 
such as bushwalking, also had strong interests in applied biology and zoology, and participation 
in farm-based activities was associated with greater interest in applied biology. Similarly, a study 
by the Australian Council for Educational Research (ACER; 2002) found that teenagers who 
lived in rural areas of Australia were more inclined to study health, home science and agriculture 
in their final year of high school than their urban counterparts.    
These findings point to direct experience with nature as an important factor in children’s 
developing interest in, and knowledge about the biological world.  Although the research 
literature to date lacks a consensus definition, ‘direct experience with nature’ is typically 
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conceptualised as an individual’s informal, first-hand interactions with the plants and animals in 
their everyday life.  This is distinguished from formal teaching about biology, although these 
may overlap at times, for instance on school field trips.  In the literature we review here on 
children’s developing understanding of biology, ‘direct experience’ has been operationalized as 
(a) rearing environment with a focus on contrasting urban versus rural upbringings and (b) pet 
ownership and care.  Biological knowledge in this literature refers to children’s intuitive, folk 
biological concepts and reasoning about the natural world (Carey, 1985).  This has been assessed 
with a variety of cognitive tasks encompassing acquisition of specific biological facts, 
predictions about plant and/or animal physiology and ecology, and inductive reasoning about 
living things. 
Rearing environment 
On the assumption that children who grow up in rural areas have greater opportunities to 
observe and interact with nature than their urban counterparts, numerous studies have compared 
urban versus rural children’s biological knowledge.  The idea is that everyday contact with plants 
and animals in “relatively intact ecosystems” (Coley, 2012, p. 994) provides rich information 
from which children acquire facts, notice patterns and make inferences about the natural world.  
Although it appears self-evident, we are aware of only two studies that have actually tested the 
assumption that rural children have more experience with nature than urban children.  Zhang et 
al. (2014) and Coley (2012) both examined the role of rural versus urban rearing environment on 
children’s experiences with nature.  These two studies were conducted in different populations, 
namely, China and North America respectively, but produced similar findings indicating that the 
frequency of nature-based activities decreased as urbanisation and population density increased. 
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These findings support the assumption that children from rural areas have more direct experience 
with nature.  
Anthropocentric reasoning 
A central element of learning and reasoning about biology is understanding the scope of 
the domain, namely, all living things. In one of the foundational studies of the development of 
biological reasoning, Carey (1985) developed a biological property projection task in which 
children were taught about a novel property of a living thing (e.g. dogs have axons) and asked 
whether other living things (e.g., birds, fish, humans) share that property. Carey’s (1985) key 
finding, obtained from testing urban American children, was that anthropocentric reasoning, 
whereby humans have privileged status, was the norm in early childhood.  Specifically, young 
children reason anthropocentrically when they assert that properties found in humans are shared 
by other animals, but not vice versa.  Carey (1985) argued that around age 8-10, children’s 
thinking about the biological world undergoes a fundamental conceptual change, which gives 
rise to a mature framework in which humans are seen as just one type of animal, with largely the 
same biological properties as other living things.   
Carey’s (1985) conclusion has been repeatedly challenged by researchers concerned that 
urban and rural populations may differ in the development of biological reasoning.  For instance, 
Ross, Medin, Coley, and Atran (2003) explored the effects of experience and culture on young 
children’s performance in a version of Carey’s (1985) task. They compared the reasoning 
patterns of urban and rural European-Americans, and rural Native-Americans from the 
Menominee tribe, all aged 6-10 years.  They found that the urban children showed strong 
anthropocentric reasoning at all ages, whereas the Menominee children showed no sign of 
anthropocentric reasoning at any age. The rural European-Americans showed some signs of 
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anthropocentrism at the younger ages but the trend disappeared with age.  This finding suggests 
that rural children’s reasoning about the domain of biology is more sophisticated than that of 
their urban peers, and furthermore culture (e.g. Menominee versus European-American) may be 
an added influence. 
Similarly, Waxman and Medin (2007) compared urban and rural 4- to 7-year-olds’ 
performance on a slightly different property projection task and found an anthropocentric 
reasoning pattern only in the youngest urban children. The authors favoured the conclusion that 
anthropocentrism is only characteristic in the biological reasoning of young urban children, but 
they also conceded that methodological differences, relative to Carey’s (1985) procedure, could 
have accounted for the weak indications of anthropocentric reasoning. Medin, Waxman, 
Woodring, and Washinawatok (2010) then replicated Carey’s original methodology. They sought 
to clarify whether rearing environment genuinely influences biological reasoning patterns in 
young children, or whether the discrepancies between previous studies and Carey’s findings 
reflect methodological differences. They compared the reasoning patterns of children aged 4-10 
years recruited from the same populations used in Ross et al.’s (2003) study (urban and rural 
European-American and rural Menominee children), and found that the urban children showed 
similar patterns of anthropocentric reasoning to those reported by Carey (1985). However again, 
a distinctly different pattern emerged in the rural populations.  Even the youngest rural 
European-Americans showed no signs of anthropocentrism. The differences between urban and 
rural children’s reasoning were most pronounced in the youngest age group, a finding which has 
also been reported in studies comparing urban and traditional cultures (see for example Waxman, 
Medin & Ross, 2007).  Overall these findings demonstrate that a rural rearing environment is 
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associated with more advanced, non-anthropocentric reasoning about the biological world in 
early childhood.  
Building on this work, Tarlowski (2006) explored the dual factors of rearing environment 
and parental transmission of knowledge on young children’s patterns of biological property 
projection.  This study included an expanded version of Carey’s (1985) task in which nonliving 
things (e.g., dolls, rocks, pillows) were also included as targets. Forty-five 4- and 5-year-old 
Polish children were recruited based on two factors: (1) where they lived (urban or rural) and (2) 
their parent’s biological expertise (expert or layperson).  This study revealed that both rearing 
environment and parental expertise significantly influenced children’s biological reasoning. 
Specifically, rural children made fewer property projections overall than their urban counterparts, 
thereby displaying greater sensitivity to the division between living and nonliving targets.  At the 
same time, experts’ children tended to make projections based on biological categories, for 
instance attributing a human property to other mammals, while the children of laypeople relied 
more on visual similarity (e.g. attributing a human property to a doll).   
These findings further support the proposal that rural rearing environments are associated 
with more sophisticated biological reasoning in children, and they add the suggestion that 
parental transmission of information about the biological world may also be a significant 
influence.  However, Tarlowski (2006) acknowledged that without detailed analyses of the 
children’s everyday experiences with nature and features of parental input about biology, it is 
premature to conclude that those specific factors were responsible for the pattern of findings.  
For instance, rather than directly transmitting information about the natural world to their 
children, it may be that biology expert parents structure everyday experiences that increase their 
children’s direct and indirect exposure to nature, for instance by favouring family bushwalking 
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over watching movies or choosing nature television over cartoons.  Along the same lines, rural 
children’s direct exposure to nature may positively influence their precocious reasoning about 
biology, but it may also be the case that rural children experience parental, peer and media input 
that differs from their urban counterparts and these indirect sources of information are driving 
the effect.  
Ecological reasoning 
 Ross et al. (2003) encountered an unexpected reasoning strategy in rural European-
American and Menominee children. They found that these children tended to refer to ecological 
relations when justifying their responses on the property projection task.  For instance, they 
might claim that bees and bears share a property because bears eat honey.  Although their task 
had not been designed to measure ecological reasoning, Ross et al. (2003) took the opportunity 
to assess whether rearing environment was associated with different patterns of reasoning with 
respect to ecological relations. They found a reliable interaction between age and rearing 
environment, with ecological reasoning evident in the older rural European-American children 
and in all of the Menominee children, regardless of age. This ecological mindset was not 
observed in urban children of any age.  These findings extend the conclusion that rural 
upbringing influences children’s biological reasoning, being associated with justifications that 
refer to natural, ecological relations between living things as well as relatively mature patterns of 
property projection.  Given that the Menominee and European-American children from similar 
rural environments showed different developmental patterns of ecological reasoning and 
property projection, Ross et al. (2003) concluded that “both culture and experience play an 
important role” (p. 45) in shaping young children’s thinking about biology. Thus, some aspect of 
Menominee life seems to have led those children to eschew anthropocentrism at all ages while 
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embracing ecological reasoning.  Ross et al. (2003) speculated that Menominee practices of 
gathering traditional wild foods and fishing sustainably, may draw children’s attention to 
similarities and inter-relations between different species in their local environment. 
Coley (2012) and colleagues (Coley, Vitkin, Seaton, & Yopchick, 2005) further 
investigated the frequency of ecological reasoning in children from different rearing 
environments.  They developed a triad induction task to pit ecological and taxonomic reasoning 
against each other.  Children were taught a novel property about a base living thing, and then 
asked which of two targets−one that was ecologically related (e.g., shared habitat) and another 
that was taxonomically related (e.g., a related species) − would share that property with the base. 
This design enabled them to build on previous findings from adult laypeople and biology experts 
which showed that when projecting an internal property, both groups tended to use taxonomic 
relations but when projecting a disease, experts tended to use ecological relations while novices 
continued to favour taxonomic reasoning (Shafto & Coley, 2003). As such, Coley et al. (2005) 
and Coley (2012) speculated that due to their greater experience with nature, rural children 
would show similar reasoning patterns to the adult experts.  As predicted, both studies revealed 
significant effects of rearing environment on children’s reasoning: Rural children made 
significantly more ecological projections than urban children, with suburban children falling 
between the two groups and not differing significantly from either. Furthermore, children’s 
patterns of reasoning about different properties reflected those seen in adult experts and novices, 
such that suburban and rural children made significantly more ecological projections when 
reasoning about diseases, but no significant differences existed between any of the groups when 
reasoning about internal properties. As a further test of the effect of rearing environment, the 
authors conducted multiple regressions using population density as a predictor. These analyses 
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confirmed that the frequency of ecological projections increased as population density decreased 
(e.g., became more rural).  Finally, Coley et al. (2005) found that children made significantly 
more ecological projections when reasoning about local species, with which they presumably 
had more direct experience, than exotic species. This finding adds weight to the idea that rearing 
environment provides children with direct experience which in turn promotes more sophisticated 
understandings of biology.  
Knowledge about biological inheritance and internal organs 
Complimenting this research on patterns of reasoning about living things, a couple of 
studies have evaluated the influence of rearing environment on children’s knowledge about 
specific biological concepts. For instance, Williams and Smith (2006) found an effect of rearing 
environment on children’s understanding of biological inheritance. Using an adoption task in 
which children were asked to reason about the traits and behaviours an adopted baby would 
share with her parents, Williams and Smith (2006) found that rural children displayed a more 
advanced understanding of parents’ contributions to biological traits than urban children.  
Furthermore, they found that rural children offered more nuanced explanations of social and 
biological aspects of inheritance than their urban and suburban peers. 
  Panagiotaki and Nobes (2014) compared British Muslim, British non-Muslim, and 
Pakistani Muslim children’s knowledge about the role of vital organs in the maintenance of life. 
They reasoned that any differences between the two British groups and the Pakistani Muslim 
children would reflect the effects of contact with animals, as the British samples grew up in 
similar urban environments whereas the Pakistani children were raised in a rural village where 
animals were an important part of everyday life. They found that, despite a lack of awareness of 
the specific functions of internal organs, the Pakistani children showed a significantly greater 
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understanding of the importance of organs for staying alive, compared to their British 
counterparts.  
Summary: The role of rearing environment 
All together, the research comparing rural and urban children’s reasoning patterns and 
knowledge about specific biological concepts indicates that rural upbringing is associated with 
relatively advanced understanding.  There is some suggestion in the data to support the proposal 
that rural upbringing entails everyday experiences that engender expertise about the local 
biological world, and this drives the rural versus urban differences observed across the various 
studies.  However it is not yet clear what those formative everyday experiences are: One 
assumption is that direct contact with nature is the crucial variable, however it is also possible 
that more indirect influences such as input from parents, peers, different school curricula and/or 
media could drive the observed differences, or at least play a role.  Rural life differs from urban 
and suburban life on numerous dimensions other than informal, direct experience of the natural 
environment and these confounded factors have rarely been separately considered.  One such 
factor, which has itself been a focus of research, is pet ownership. 
Keeping pets  
The beneficial effects of keeping pets on children and adults’ wellbeing, social skills, and 
physical and mental health have been well established (Friedman & Son, 2004; Muldoon et al., 
2009). These benefits of pet ownership have been popular research topics, however researchers 
have only recently begun to explore whether pet ownership in early childhood influences the 
acquisition of biological knowledge and concepts.  Whereas the majority of studies assessing the 
role of rearing environment focused on children’s reasoning about biological relations (using 
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property induction tasks as described above), here the focus has been primarily on children’s 
understanding of specific biological concepts and phenomena. 
Pet ownership 
Prokop and colleagues (Prokop et al., 2007) explored the effects of owning pets on 
children’s knowledge of the internal structures (e.g., organs and skeletons) of vertebrates and 
invertebrates.  They used a free drawing task in which children were asked to portray the insides 
of different animals that were presented in photos or as stuffed specimens.  Their first study 
involving 702 Slovak children aged 6 – 16 years, revealed more detailed knowledge about 
internal organs amongst the subset of children who had a pet, however the effect was just non-
significant (p = .06).  Contrary to some other research (e.g. Patrick & Tunicliffe, 2011; Patrick et 
al., 2013), the children in this study cited schoolbooks more frequently as sources of information 
about animal biology than they cited personal experience.  In a follow-up study with 1544 
Slovak 6- to 15-year-olds, Prokop, Prokop, and Tunnicliffe (2008) again found that children who 
raised pets had a significantly more detailed knowledge of the internal structure of a variety of 
animal species compared to children who did not own a pet. Furthermore, this knowledge was 
significantly greater amongst children who owned more than two pets, compared to children who 
raised a single pet or did not own a pet at all. 
Recent research by Prokop and Tunnicliffe (2010) extended this finding by showing that 
the number of pets a child owns is also linked to their knowledge of animal ecology. These 
researchers examined the influence of pet ownership on children’s attitudes towards, and 
knowledge about, a variety of animals that varied by type (e.g., pest, disease carrier, and 
predator) and popularity in Slovak society.  In three separate studies, pet-owning 10- to 15-year-
olds generally displayed more detailed knowledge of, and held more positive attitudes towards, 
CHILDREN’S BIOLOGICAL CONCEPTS 37 
each animal compared to their peers who did not own a pet.  Replicating Prokop et al (2008), the 
researchers found an effect of number of pets, whereby children who owned three or more pets 
displayed the greatest degree of knowledge about each type of animal (with the exception of the 
squirrel), and the most positive attitudes towards both the popular and unpopular animals.   
In a more recent study, Geerdts, Van de Walle, and LoBue (2015a) assessed associations 
between pet ownership and children’s biological knowledge using a property projection task 
(Carey, 1985) and a free-response interview asking about the biological properties and 
psychological attributes of a pet.  This study revealed that 3- to 5-year-old children with pets 
were less likely to exhibit anthropocentric reasoning in the property projection task than their 
non-pet owning counterparts, which is consistent with the research contrasting rural and urban 
children discussed above.  Children with pets were also more likely to attribute biological 
properties to pets, compared to children without pets.  Based on direct observation of children 
interacting with their pets and parent reports, these researchers drew the conclusion that the 
majority of these children’s interactions with their pets were social exchanges rather than care 
responsibilities. However, this goes against other research suggesting that caring for pets, in 
particular, has a positive influence on children’s developing biological knowledge. 
Caring for pets 
The positive influence of pet care was first documented by Inagaki’s (1990) pioneering 
study examining the effect of raising goldfish on Japanese children’s biological knowledge.  
Kindergarteners who owned and cared for goldfish were compared with a control group who had 
never owned or raised any animal.  Both groups of children answered factual knowledge 
questions about goldfish and mammals, and made predictions about biological phenomena 
relating to goldfish, people and frogs. Analyses revealed that the goldfish-raising group 
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possessed more factual knowledge about goldfish, made more reasonable predictions about 
goldfish and made significantly more goldfish analogies when making predictions about frogs, 
compared to the control group. This pattern of findings was replicated in a study focusing on 
mammal pets instead of goldfish (Inagaki, 2002, cited in Hatano & Inagaki, 2013). 
The role of pet care was assessed by Toyama, Lee, and Muto (1997) in the context of 
classroom pets.  In the Tokyo school where they conducted the study, children were classified as 
those who regularly engaged in classroom pet care procedures, versus those children who rarely 
or never chose to care for the animals.  These two groups were asked a series of questions 
relating to their caregiving activities and they made predictions about what would happen if pet 
care procedures went unfulfilled.  Results indicated that children who regularly cared for the 
animals made more than three times as many biological statements while performing care 
procedures (12.8% compared to 3.6% for non-carers) and were significantly more likely to 
provide biological justifications for caregiving procedures, for example explaining that they cut 
up food for the ducks because ducks do not have teeth.  Finally, the pet carers were also more 
accurate in predicting the biological implications of failing to carry out appropriate care 
procedures.  
Myers, Saunders, and Garrett (2004) assessed relations between pet ownership and 
children’s understanding of animals’ needs, including environmental and conservation 
requirements for individual and species survival. They asked 171 children aged 4 – 14 years who 
were visiting a local zoo, to answer questions about the various needs of an animal nominated by 
the child. Frequency of zoo visits, pet ownership, pet care responsibilities, and an interest in 
animals were also assessed.  This research revealed that the more pets a child owned, the greater 
their understanding of animals’ environmental and conservation (e.g., protective legislation) 
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needs. Highlighting the role of pet care, the researchers found that children who reported having 
pet care responsibilities obtained higher environmental, conservation and total needs scores 
compared to children who did not care for pets.  
Significant biological events in the pet life cycle 
While there is some empirical support for the idea that hands-on pet care is important, the 
only intervention study to date suggests that simply witnessing natural biological life events in 
pet animals can promote children’s biological reasoning.  For this study, Herrman, French, 
DeHart, and Rosengren (2013) recruited an experimental group of thirty 3- and 4-year-olds in a 
North American preschool and a smaller (n = 14) control group from a different preschool.  They 
presented all children with an initial baseline test assessing their willingness to attribute 
biologically-relevant versus impossible changes, to a variety of animals.  They next implemented 
an intervention for the experimental group in which two terrariums, containing a pregnant mouse 
and a pair of caterpillars respectively, were placed in a room adjoining the children’s classrooms. 
Over 2 weeks the children observed both terrariums, drew pictures of events within the 
terrariums, and asked their teachers questions about those events although no formal instruction 
took place. By the end of the two-week intervention, the mouse had given birth to pups and the 
caterpillars had gone through all the stages of metamorphosis after which the children released 
the butterflies.  All children were given a post-test which revealed that the experimental group 
was more accurate in attributing lifespan changes to animals, particularly when asked about 
caterpillars. No significant alteration in performance from pre- to post-test was observed in the 
control group. These results indicate that observation of pet animals—and not necessarily direct 
caregiving experience—leads to an increase in biological knowledge, although the special 
significance of witnessing metamorphosis and/or birth is unknown as there was no comparison 
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group who had access to the animals when they were not undergoing biological transformational 
events.   However, the result of this intervention study is in line with Williams and Smith’s 
(2006) report that those children whose pets had given birth, possessed a more sophisticated 
understanding of biological inheritance than their peers whose pets had not given birth.  It is 
noteworthy that in both of these studies, children’s knowledge about specific biological 
phenomena matched up to their direct experience, in line with Hermann et al.’s (2013) argument 
for “the necessity of real-world experience with living kinds in order for certain beliefs about 
biological kinds to manifest” (page 146). 
The role of pet ownership and care: Summary 
The research suggests that regular exposure to pet animals in childhood, either at home or 
in school, is associated with relatively sophisticated biological concepts.  Based on the literature 
to date it is not yet clear whether this association is driven by the experience of caring for the 
animal, by interacting socially with the animal, or simply by the animal’s presence.  These data 
also suggest that there is a positive correlation between the number of pets in children’s lives and 
their level of biological understanding.   This effect may be a function of varied experiences with 
the pet, indeed there are also data to suggest that witnessing a significant biological event (birth, 
metamorphosis) is particularly influential in promoting children’s biological knowledge.  
However, the studies isolating different types of direct experience with pets are too few to draw 
firm conclusions, so carefully designed future studies will be required to understand the 
underlying mechanisms.   
Conclusions, open questions and future directions 
Table 2.1 lists the methodological details of all the studies reviewed above, and their 
findings.  Taken together, the results of these studies support the broad conclusion that informal, 
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direct exposure to nature has a positive influence on children’s developing understanding of 
biology.  The research to date, while limited, has some strengths.  One of these is geographical 
diversity; the positive findings are reasonably consistent across the USA, the UK, Eastern 
Europe and Japan.  It may also be considered a strength that biological knowledge has been 
assessed with a variety of tasks, although as discussed below, this makes it hard to draw general 
conclusions. 
Across the studies reviewed, exposure to nature was assessed via rearing environment 
(rural versus urban or suburban), pet ownership, pet care, and in one case, two weeks of periodic 
observation of pets experiencing biological change (Herrman et al, 2013).  It is tempting to 
generalise across these ‘direct experience of nature’ variables to argue that opportunities to 
closely observe nonhuman living things is the common thread and that the additional experiential 
variables of hands-on pet care and rural living may not further contribute to the development of 
biological knowledge.  However, the diverse operationalization of biological knowledge makes it 
difficult to compare results.  The rearing environment studies provide evidence suggesting that 
rural upbringing fosters both a broad understanding of how living things relate to each other in 
the biological domain (Ross et al., 2003) and an understanding of specific biological phenomena 
such as the types of traits that are inherited from parents (Williams & Smith, 2006).  The pet 
studies, on the other hand, tend to focus more tightly on children’s knowledge and understanding 
of animal- and, in many cases, pet-relevant facts and phenomena. In future work, it will be 
important to be more systematic in identifying which elements of biological understanding are 
more or less influenced by direct experience, and to design studies that isolate different types of 
direct experience of nature.  For instance, it may be that the types of natural events that rural life 
make accessible, such as witnessing animal birth, are primarily important for understanding the 
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biology of inheritance and birth, but that different types of experience engender the relatively 
sophisticated biological reasoning patterns that are characteristic of rural children.   
The underlying assumption in this literature is that direct experience of nature causes 
development of biological knowledge.  This is premature however, as the research to date is 
almost exclusively correlational.  The one intervention study done so far does suggest that direct 
experience of the natural world drives change in biological understanding (Herrman et al., 2013). 
This is a good start but the underlying mechanism is still unclear:  Does exposure to nature give 
children access to facts about the natural world via observation?  Or is it that such direct 
experience primes children to attend more closely to biological phenomena and related 
information presented by parents, peers, school and the media?  Or could it be that direct 
experience with nature motivates children to actively seek out new information about biology?  
Further studies exploring the roles of culture and parental transmission will help to answer these 
questions. 
There is a general consensus among researchers in both psychology and education that 
parents play in integral role in helping to structure and develop their child’s understanding of the 
world (Geerdts, Van de Walle, & Lobue, 2015b; Matalon, 2000; McNeil, 1983; Tunnicliffe & 
Reiss, 2000). It is widely accepted that parental input and daily experiences are important in a 
child’s emerging understanding of biological and natural phenomena including ecology, plants 
(Tunnicliffe & Reiss, 2000), animals (Geerdts et al, 2015b; Shepardson, 1997), the human body, 
and death (Matalon, 2000; McNeil, 1983). However, to date few studies have examined the 
effects of parental input on children’s understanding of biology, and how this may occur in 
informal settings. Most research in this area has been conducted in informal learning 
environments such as zoos, aquariums, museums, and science centres (Geerdts et al., 2015b). 
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However, further research needs to explore the potential interaction and influence of parental 
factors on children’s biological knowledge, pet ownership, and their contact with nature. It is 
possible that parental factors such as an interest in animals, feelings towards nature, and work 
type (eg. Biology) may influence a child’s direct experience with nature and how parents 
communicate with their child about nature (see for example Tarlowski, 2006).  
The effects of direct experience on children’s biological knowledge has been explored by 
both educational researchers and developmental psychologists, however very little 
communication or collaboration between these disciplines has occurred. To date, most 
researchers within developmental psychology have failed to cite relevant educational research, 
with the exception of a few more recent studies (e.g., Geerdts et al, 2015a; Herrman et al., 2013), 
preferring to concentrate on developments within their own discipline. Greater communication 
and collaboration between the various disciplines involved would undoubtedly benefit further 
research. 
In addition to the outstanding basic research questions, numerous practical issues arise 
from the findings reviewed here.  It is not yet clear whether the positive association between 
children’s biological knowledge and a rural upbringing, can be reduced to pet ownership and 
care since these are confounded by the fact that more rural than urban households have pets 
(Leslie, Meek, Kawash, & McKeown, 1994; Murray, Browne, Roberts, Whitmarsh, & Gruffydd-
Jones, 2010).  It will be important to dissociate these two effects in future work, because if pet 
ownership is responsible for rural children’s superior biological knowledge, then this is a readily 
accessible avenue to intervention for non-rural children.  Another question is whether the pet 
ownership effect would be similar for different types of animals; Inagaki’s (2002) work 
indicating relatively advanced biological understanding in both mammal- and goldfish-owning 
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children suggests that keeping pet goldfish may be a relatively easy, inexpensive means to 
increase urban children’s direct experience of nature.  Also, the studies suggest that pets at home 
and in school are both effective in facilitating children’s biological understanding, but a direct 
comparison has not been carried out.  Again, from a practical perspective this is an important 
question for designing optimal interventions for modern children who spend less time outdoors 
than previous generations (Malone, 2007) and therefore may miss out on the cognitive benefits 
of directly experiencing the natural world. 
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Table 2.1 
Summary of Studies Examining Biological Knowledge in Children 
Authors Participant ages 
‘Direct 
experience’ 
variable 
Biological knowledge 
assessed; task details Key findings 
Prokop, Prokop, & 
Tunnicliffe, 2008 
6 – 15 
years 
Pet ownership, no. 
pets 
Internal structures; free 
drawing 
Children who raised pets had a significantly greater knowledge of the 
internal structure of a variety of animal species compared to children 
who did not own a pet ( 𝑝𝑝 < .05). 
This knowledge increased significantly for children who owned more 
than two pets (𝑝𝑝𝑝𝑝 < .001) compared to children who only raised one 
pet and children who did not own a pet at all. 
Prokop, Prokop, 
Tunnicliffe, & Diran, 
2007 
6 – 16 
years 
Pet ownership and 
personal 
observations of 
pets 
Internal structures; free 
drawing 
They found a general increase of knowledge related to animal organ 
systems in children who had experience rearing a variety of animal 
species. This increase in knowledge fell just outside of significance 
at 𝑝𝑝 = .06. 
Myers, Saunders, & 
Garrett, 2004 
4 – 14 
years 
Pet ownership, no. 
pets, care for pets 
Understanding animal 
needs; interview 
The number of pets owned was significantly correlated with ecological 
and conservation needs. The more pets a child owned, the greater their 
understanding of ecological and conservative needs. 
Being responsible for caring for their pets led to higher scores on all 
need subsets, with ecological, conservation and total needs scores being 
significantly higher for children who with pet responsibility compared 
to children without. 
Inagaki, 1990 5 – 6 years Raising pet 
Factual knowledge and 
biological reasoning; 
interview 
The goldfish raising group possessed more factual knowledge about 
goldfish, made more reasonable predictions about goldfish (𝑝𝑝 < .01), 
and made significantly more goldfish analogies when predicting about 
frogs (p<.05). 
Prokop & 
Tunnicliffe, 2010 
 
10 – 15 
years 
Pet ownership, no. 
pets 
Knowledge of and 
attitudes towards 
animals; interview 
Results showed that when age was controlled, pet owners generally 
displayed better knowledge of each animal than those without pets 
(Study 1 (pests) 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ƞ2 = .04; Study 2 (predators)   𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ƞ2 =.04; Study 3 (disease) 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ƞ2 = .01). 
Animal knowledge increased as the number of pets increased – with 
children who owned three or more pets displaying the greatest degree 
of knowledge for all but one animal 
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Toyama, Lee, & 
Muto, 1997 
 
5 – 6 years Caring for animals 
Biological knowledge 
of care procedures; 
direct observation and 
interview 
The carers showed greater understanding of the biological  meaning for 
species specific care behaviour and made more accurate predictions 
than non-carers 
Carers were also more likely to provide biological explanations for 
non-biological procedures than their non-carer peers 
Melson & Fogel,  
1986 4 – 8 years Pet ownership 
Ideas about animal 
young and how 
animals care for their 
young 
Children with pets provided more descriptions about animal care 
behaviours than children without. 
 
Geerdts, Van de 
Walle, and LoBue, 
2015a 
 
3 – 5 years Pet ownership Biological reasoning; property  projection 
Both the younger and older children with pets showed less 
anthropocentric reasoning than their non-pet owning counterparts. 
A significant interaction between pet owners and whether they were 
attributing psychological or biological properties (𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ƞ2 = .057). 
Younger and older children with pets were both more likely to attribute 
biological properties to pets than children without (3 yr olds: 𝑑𝑑 = 0.98; 
5 yr olds: 𝑑𝑑 = 0.78) 
Williams & Smith, 
2006 
 
4 – 14 
years 
Urban vs Rural, 
pet ownership, 
pets given birth 
Inheritance 
knowledge; structured 
interview 
Pet owners made significantly more sophisticated judgements and 
explanations about parent’s equal contribution of inherited traits 
(Judgements: ƞ2 = .03; Explanations: ƞ2 = .05), and more 
sophisticated explanations of social and biological aspects of 
inheritance (ƞ2 = .04) and when explaining the inheritance of traits not 
present in parents (red hair with black haired parents;  ƞ2 = .03). When 
controlling for age children gave more sophisticate explanations about 
the causal mechanisms of inheritance: (ƞ2 = .04). 
Children whose pet had given birth showed a better understanding of 
the contribution of both parents to inherited traits (ƞ2 = .10). 
When age was controlled, rural children displayed a better 
understanding of parent’s contribution of inherited traits, and provided 
more sophisticated explanations of the social and biological aspects of 
inheritance (ƞ2 = .04) than their urban and suburban peers 
 
Panagiotaki & Nobes, 
2014 
 
4 – 7 years Rural vs Urban  
Organ function 
knowledge; structured 
interview 
British children possessed significantly greater understanding of the 
location and functions of the organs. 
Pakistani children made significantly more life appeals for the need for 
organs than British children (ƞ2 = .13). 
 
 
CHILDREN’S BIOLOGICAL CONCEPTS 53 
Coley, Vitkin, 
Seaton, & Yopchick, 
2005 
 
Kindy – 
grade 6 
Rural vs Urban 
(population 
density) 
Ecological reasoning; 
property projection 
justifications 
A significant difference was detected between rural and urban 
children’s use of ecological reasoning when making inferences about 
disease 
Population density was a significant predictor of ecological reasoning 
(along with property type and item type;  𝑅𝑅𝑎𝑎𝑎𝑎𝑎𝑎2 = .308), with ecological 
reasoning decreasing as population density increases. 
A significant difference in ecological reasoning was also detected 
between local and exotic species (F(1,115)= 6.77, MSE= 11.30, p=.010), 
with significantly more ecological references being made for local 
species than exotic species. 
Coley, 2012 6 – 10 years 
Rural vs urban 
(population 
density), 
experiences and 
activities 
Ecological reasoning; 
property projection 
justifications 
Higher nature experience scores were associated with living in more 
rural environments. 
Age, population density (p = .032) and nature experiences (p = .019) all 
significantly predicted ecological reasoning (𝑅𝑅2 = .108). 
Herrmann, French, 
DeHart, & 
Rosengren, 2013 
3 – 4 years 
2-week exposure 
to animals in 
classroom setting  
Knowledge of natural 
biological changes 
across the lifespan  
Post-observation children showed a significant increase in biological 
reasoning (ƞ2 = .10). They made significantly more endorsement of 
change after the experience (ƞ2 = .20) and showed better biological 
reasoning for their endorsements ƞ2 =.88) 
Medin, Waxman, 
Woodring, & 
Washinawatok, 2010 
4 – 10 
years Rural vs urban 
Biological reasoning; 
property projection 
A significant interaction between community type and base species was 
detected for the 4-5 year-olds with rural children more likely to 
generalise from a dog base to non-human animal targets than urban 
children. However both groups performed comparably when the base 
was a human. 
No significant differences between rural and urban children were found 
in relation to asymmetries favouring humans as the inductive base. 
Ross, Medin, Coley, 
& Atran, 2003 
6 – 10 
years Rural vs urban 
Ecological reasoning; 
property projection  
 
Ecological reasoning highest in the older rural children 
Rusca & Tonucci, 
1992 
6 – 10 
years Rural vs urban 
Types of animals 
known; free list 
Rural children mentioned Farmyard animals twice as many times as 
urban children and listed many more birds (30%) than urban children 
(14.8%). 
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Tarlowski, 2006 4 – 5 years 
Rural vs urban, 
parental 
transmission 
(layperson vs 
biological expert) 
Biological reasoning; 
property  projection 
Rural children made fewer projections than urban children (p<.001). 
Rural children were more aware of the division between animate and 
inanimate groups than urban children. 
Experts children made fewer projections than layperson’s children 
(p<.05), making sharper distinctions at the proper animate-inanimate 
category boundary than their layperson peers, but appearing to use the 
category ‘animal’ when reasoning. 
Rural expert children made significantly fewer projections than either 
urban groups, suggesting an interaction effect of experience and 
parental transmission 
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Chapter 3: Children’s understanding of death 
Death is a complex concept to grasp as it has interweaving biological, socio-cultural, 
spiritual, and emotional elements.  To assess children’s understanding of death, researchers 
typically adopt a cognitive perspective focusing on children’s recognition of death as a biological 
event (Cotton & Range, 1990; Hunter & Smith, 2008; Rosengren, Gutierrez, & Schein, 2014a; 
Slaughter & Lyons, 2003).  
 Early research into the cognitive aspects of children’s developing understanding of death 
emerged during the early 20th century, with the pioneering work of Nagy (1948) paving the way 
for the current conceptualisations of death concept development. Nagy (1948) challenged pre-
existing thought by positing that children develop an understanding of death earlier than 
previously believed, and that this understanding of death, rather than being a distinctly different 
conceptualisation than that of adults, was a gradual developmental process which followed 
distinct age-related developmental stages. Based on her interviews with children between 3 and 
10, Nagy identified three main developmental stages; 1) that children under 5 do not understand 
the irreversibility or permanence of death and instead equate it with sleep or departure; 2) that 
between the ages of five and nine, death viewed as something gradual or temporary and often 
personified death (for example the grim reaper), and finally (3), by the age of nine death is 
recognised as inevitable, universal, and a process by which the cessation of life occurs. However, 
this understanding was concluded to be limited by the child’s cognitive and emotional 
immaturity, and as such age dependent.  
Later researchers built on Nagy’s original arguments from a Piagetian perspective, 
linking the development of death with Piaget’s cognitive stages of development. Taking a more 
rigorous and structured approach, these researchers sought to delineate the various sub-concepts 
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of death which are required to develop a “complete” biological understanding of death. These 
sub-concepts were thought to develop as children progressed from a concrete operational stage 
through to formal operational stage. These estimates were informed by the conceptualisation of 
death as an abstract concept, which according to Piagetian cognitive developmental theory, 
children could not think about until middle childhood. These researchers argued that children 
were incapable of understanding or even thinking about death, before the age of 7, and that a 
mature death concept was not fully developed until the age of 10 (Kane, 1979; Nagy, 1948).  
Over the last few decades, researchers have adopted the cognitive perspective that death 
is understood as part of children’s developing naïve biological theory. This shift in assessing 
children’s understanding of death as a biological, as opposed to abstract, concept, allows 
researchers to develop a deeper and more detailed understanding of how children come to 
understand death as a biological phenomenon, and the factors which influence this development.  
It is now believed that children initially adopt a vitalistic causal framework to help 
formulate their understanding of death. Thus, once a child acquires the assumption that the 
human body functions to sustain life, they are able to reformulate their understanding of death as 
a result of biological, rather than behavioural, phenomena related to bodily functions and the 
lifecycle. Nguyen and Gelman (2002) suggest that children use their existing knowledge of 
plants, animals, humans, and bodily functions to draw inferences about death and dying. For 
example, knowing that the body functions to sustain life, a child can infer that the cessation of 
such functions would result in the termination of life. Alternately, a child who knows that plants 
and animals are both living things could draw on their knowledge that animals are subject to 
death to infer that plants can also die. In this way, children are believed to use their existing 
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knowledge and experiences of biological phenomena to lay the groundwork for developing a 
coherent, biological understanding of death.  
As mentioned in Chapter 1 as children begin to acquire a greater understanding of bodily 
processes their understanding of death shifts from a primarily vitalistic one, to a more scientific 
(mature) understanding of death. Continuing on from Nagy’s original research, developmental 
psychologists generally define a mature death concept as the attainment of several sub-concepts 
(Rosengren et al., 2014a; Slaughter, 2005).  
Whilst researchers differ slightly in respect to which sub-concepts constitute a mature 
death concept, they are generally in agreement that a mature death concept includes mastery of 
some or all of these sub-concepts (Slaughter, 2005): 
• Inevitability: the understanding that all living things must die eventually; 
• Applicability: the understanding that only living things can die; 
• Irreversibility: the understanding that death is a permanent state from which there is no 
return; 
• Cessation: the understanding that all bodily processes cease to function upon death; and 
• Causation: the understanding that death is ultimately caused by a breakdown of bodily 
functions (Cotton & Range, 1990; Hunter & Smith, 2008; Matalon, 2000; Rosengren et al., 
2014; Slaughter & Griffiths, 2007; Slaughter & Lyons, 2003).  
It has been widely established in the literature that the order in which these subconcepts 
is acquired follows a relatively consistent pattern. In general, children first come to understand 
the irreversibility and universality of death, followed by applicability, then cessation, and finally 
causality (Badenhorst, 2010; Bonoti et al., 2013; Miller, Rosengren, & Gutierrez, 2014; Renaud, 
Engarhos, Schleifer, & Talwar, 2015; Slaughter & Griffiths, 2007; Vianello & Marin, 1989). 
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However, in the last decade, research on the distinction between biological and spiritual and/or 
religious beliefs about death and the afterlife (Bering & Bjorklund, 2004; Harris, 2011; Harris & 
Gimenez, 2005; Legare, Evans, Rosengren, & Harris, 2012; Panagiotaki, Hopkins, Nobes, Ward, 
& Griffiths, 2018) raises the need to interpret earlier research findings carefully.  
Early researchers sometimes classified afterlife reasoning (e.g. asserting that ‘the dead 
can think and feel’) as evidence of immature irreversibility or cessation sub-concepts.  However, 
in the last decade, research (e.g., Harris, 2018; Panagiotaki et al., 2018) has confirmed that 
spiritual conceptions of death are developmentally distinct from biological (Harris, 2011, Harris, 
2018) ones.  Children’s biological concepts of death are typically mastered first, and then 
spiritual elements are layered on top, leading to an adult pattern of sophisticated understanding 
of the biological reality of death co-existing with belief in an afterlife for the mind or soul 
(Legare et al., 2012; Harris 2011; Harris & Gimenez, 2005; Harris, 2018). This may explain why 
individual difference studies typically have found minimal effects of specific religious beliefs or 
levels of religiosity on children’s biological understanding of death (McIntire et al 1972; Candy-
Gibbs, Sharp, & Petrun, 1985; Panagiotaki, Nobes, Ashraf & Auby, 2015). More recently, studies 
conducted by researchers aiming to distinguish between children’s biological and religious/ 
spiritual understanding of death (Panagiotaki et al., 2018; Rosengren et al., 2014a) based on the 
recommendations and findings of Harris and colleagues, suggest that an understanding of 
cessation develops earlier than previously thought. Both studies by Panagiotaki et al. (2018) and 
Rosengren et al. (2014a) found that children developed an understanding of irreversibility, 
inevitability, and cessation around the same time, followed by applicability and finally causality. 
These findings suggest that the sequence of acquisition of these sub-concepts could have been 
influenced by the classification of religious/ spiritual responses reflecting an incomplete or 
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immature understanding. Panagiotaki et al. (2018) suggest that the acquisition of a biological 
understanding of irreversibility and cessation may have been underestimated in previous studies, 
as these sub-concepts tend to elicit more religious or spiritual explanations than the more 
biologically oriented sub-concepts of inevitability, universality, and causality.  
Although the order of acquisition of the sub-concepts is appears to be normative; debate and 
uncertainty surrounds the age at which each sub-concept is acquired. The rate of this 
developmental progression has been found to be influenced by a variety of factors including 
gender (although findings have been inconclusive: see Kenyon, 2001 for a review), personal 
experience with death (Badenhorst, 2010; Cotton & Range, 1990; Kenyon, 2001; Matalon, 2000; 
Slaughter, 2005), religion and the level of religiosity (Badenhorst, 2010; Kenyon, 2001; 
Slaughter, 2005, Tallmer, Formanek, & Tallmer, 1974), belief in an afterlife (Matalon, 2000), 
anxiety (Badenhorst, 2010; Cotton & Range, 1990; Miller, 2014; Slaughter, 2005), and parental 
factors such as level of education, communication, and socio-economic status (Matalon, 2000; 
Panagiotaki et al., 2018). Furthermore, studies have shown that children’s understanding of life 
and the human body are closely related to children’s understanding of death (Badenhorst, 2010; 
Rosengren et al., 2014; Slaughter & Lyons, 2003; Zaitchik, Iqbal, & Carey, 2014). This issue is 
further complicated by studies that have shown that age of acquisition can be influenced by 
learning interventions (see for example Lee, Lee, & Moon, 2009; Slaughter & Lyons, 2003) that 
target related biological knowledge such as the human body, animal life-cycles, the seasons, and 
basic animal ecosystems. A study by Slaughter and Lyons (2003) is one of the few training 
studies to explore the development of children’s understanding of life, the human body, and 
death. Sixty preschool children aged between 3 years, 8 months and 5 years, 8 months were 
recruited from day-care centres from a variety of socioeconomic regions around Brisbane, 
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Australia. Participants concepts were first tested using a human body interview, death concept 
interview, and class inclusion task. Based on previous research (Jaakkola & Slaughter, 2002; 
Slaughter, Jaakkola, & Carey, 1999), participants were classified as either Life Theorisers or 
Non-life Theorisers based on the frequency of spontaneous references to life, living, or not dying 
as central goal or cause of body functions. Participants were then split into training and control 
groups with an equal distribution of both types of theorisers. The training group (n = 40) took 
part in a small group-based learning session at their relevant kindergartens, in which they 
engaged in a number of activities designed to teach them about the functions of the human body. 
The control group received no training during this period. All participants’ human body and 
death concept understanding were then retested. The study found a significant increase in 
understanding about both the human body and death following training in the experimental 
group, while no significant difference was detected in the control group for either concept. Given 
that no explicit instruction or mention of death was provided during the training session, the 
authors suggested that children drew on their newfound understanding of the human body to 
inform their understanding of death, leading to significant improvements across all sub-concepts.  
The concept of death is unique.  On one hand, it is a biological fact that is understood in 
terms of other biological processes including birth, growth, ageing and illness.  On the other 
hand, it is layered with emotional and spiritual ramifications that make it both complex and 
difficult to study. For researchers investigating children’s death concepts, existing social beliefs 
that children should be shielded and protected from death, or adhering to the Piagetian rate of 
understanding make it difficult to conduct research into children’s emerging understanding of 
death with young children. It is increasingly difficult to carry out research into this area because 
ethical review boards, education departments, individual teachers, and parents often reject 
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researchers’ requests to investigate children’s understanding of death. Despite this, understanding 
how and when children develop an understanding of death has important implications for grief 
and bereavement counsellors, parents, schools, developmental psychologists, and ultimately the 
next generation of children.   
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Abstract 
Over the last centuries, decreases in infant and child mortality, urbanization and increases in 
health care efficacy have reduced children’s personal exposure to death and dying.  So how 
do children acquire accurate conceptions of death in this context?  In this paper we discuss 
three sources of children’s learning about death and dying, namely, direct experience of 
death, parental communication about death, and portrayals of death in media and the arts.  
We conclude with recommendations about how best to teach modern children about this 
aspect of life. 
Keywords:  death concepts, children, development, learning, parental input, media 
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Over the last hundred years, improvements in public health and modern medicine 
have led to decreased mortality rates, particularly in children and young adults (Lamers, 
1995). Prior to the 20th century, death was most commonly experienced at home, following a 
short illness or as a result of workplace accidents (Walter, 1991). The highest mortality rates 
were found in children and infants, but it was not uncommon for adults to die while still in 
the prime of life (Lamers, 1995; Walter, 1991). When a death occurred outside the home, the 
body was typically held in the home for traditional rituals (e.g. wakes) before burial or 
cremation (Walter, 1991; Willis, 2002). Extended families lived in close proximity, so death 
was encountered and mourned by a close-knit community that included children.  
Recent changes to family structures and compositions, and greater geographical 
mobility reducing contact with extended family has resulted in a significant decline in 
mourning rituals (for example traditional Irish wakes at home; McGovern & Barry, 2000), 
particularly in Western societies (Lamers, 1995; McGovern & Barry, 2000; Walter, 1991; 
Willis, 2002).  This trend is also being increasingly experienced in many traditional cultures 
as a result of increasing globalisation and a shift from traditional rites and ceremonies to 
more modern social norms (see for example Jacob et al., 2012).  As a result, children, and 
even young adults, have become increasingly isolated from the realities of death in everyday 
life. 
Coincidently, there have been significant changes to attitudes concerning how 
children should be raised (Lamers, 1995) and this includes attitudes about exposing children 
to death and dying (Miller et al., 2014; Sedney,1999). Overall there has been a marked shift 
in western societies from the stance that death is a ‘natural part of life’ to an attitude of 
protecting children from the realities of death (Miller et al., 2014; Sedney,1999). This attitude 
was documented by Miller et al. (2014) in their interviews with mid-Western American 
parents and teachers of 3- to 6-year-old children.  These adults expressed the views that their 
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children were cognitively and emotionally too immature to comprehend and cope with death, 
and thus should be actively shielded from its realities. 
As researchers investigating children’s death concepts, the protectionist trend is 
highly pertinent.  It is increasingly difficult to carry out research because ethical review 
boards, education departments, individual teachers and parents, typically reject researchers’ 
requests to investigate children’s understanding of death.  Yet it is essential to understand 
where and how modern children learn about death and dying both from a basic research 
perspective and as a basis for educational and clinical intervention.  Here we examine three 
main sources of information about death and dying that children access: direct exposure to 
death, parental communication about death, and depictions of death and dying in the media. 
We conclude with suggestions for further research and recommendations for how best to 
teach modern children about death and dying. 
Assessing children’s understanding of death 
Death is a complex concept to grasp as it has interweaving biological, socio-cultural, 
spiritual and emotional elements.  To assess children’s understanding of death, researchers 
typically adopt a cognitive perspective focusing on children’s recognition of death as a 
biological event (Cotton & Range, 1990; Hunter & Smith, 2008; Rosengren et al., 2014a; 
Slaughter, 2005; Slaughter & Lyons, 2003).  In this tradition, a mature death concept is 
measured and defined in terms of several sub-concepts.  While the terminology may vary 
from study to study, the most commonly assessed sub-concepts are:  
1. Irreversibility/ permanence: the understanding that death is a permanent state from 
which there is no return to life; 
2. Inevitability/ universality: the understanding that all living things must die eventually; 
3. Applicability: the understanding that only living things can die; 
CHILDREN’S BIOLOGICAL CONCEPTS 66 
4. Cessation: the understanding that all bodily processes cease to function upon death; 
and 
5. Causation: the understanding that death is ultimately caused by a breakdown of bodily 
functions (Slaughter, 2005). 
 Early researchers sometimes classified afterlife reasoning (e.g. asserting that ‘the 
dead can think and feel’) as evidence of immature irreversibility or cessation sub-concepts.  
However, in the last decade, research on the development of spiritual and/or religious beliefs 
about the afterlife (e.g. Legare et al., 2012) has confirmed that spiritual conceptions of death 
are developmentally distinct from biological (Astuti & Harris, 2008; Harris, 2011; Harris & 
Gimenez, 2005; Legare et al., 2012) ones.  Children’s biological concepts of death are 
typically mastered first, and then spiritual elements are layered on top, leading to an adult 
pattern of sophisticated understanding of the biological reality of death co-existing with belief 
in an afterlife for the mind or soul (Astuti & Harris, 2008; Harris, 2011; Harris & Gimenez, 
2005; Legare et al., 2012).  This may explain why individual difference studies typically have 
found minimal effects of specific religious beliefs or levels of religiosity on children’s 
biological understanding of death (Candy-Gibbs et al., 1985; McIntire, Angle, & Struempler, 
1972; Panagiotaki, Nobes, Ashraf, & Aubby, 2014). 
This review will focus on how children acquire a biological understanding of death.  
Research in this tradition indicates that the sub-concepts are acquired in a relatively 
consistent developmental pattern that follows the numbered list above.  Irreversibility is 
almost always understood first, as early as age 3, and causation is acquired last, usually by 
age 8.  This general pattern is evident even across diverse cultural groups (McIntire et al., 
1972; Panagiotaki et al., 2014).  Within this broadly normative pattern of acquisition, 
ecological and individual factors influence the order of acquisition for inevitability, 
applicability and cessation, as well as the developmental timetable for understanding death as 
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a whole (Cotton & Range, 1990; Hunter & Smith, 2008; Slaughter, 2005; Slaughter & Lyons, 
2003; Rosengren et al., 2014a).  Hesitancy around investigating children’s understanding of 
death means that experimental or training studies are almost non-existent.  Therefore, most of 
what we know about how children learn about death comes from individual differences 
studies correlating subject or environmental variables with children’s mastery of death sub-
concepts.  The most common variable included in such investigations is children’s direct 
experience of death. 
Direct experience of death 
Intuitively, the maturity of children’s death concepts should be associated with their 
firsthand experience.  However, the data are inconsistent on this. Whereas many studies 
report that experience with death increases children’s death understanding (see Speece and 
Brent, 1984 for a review) some report no association (Rosengren et al., 2014a; Townley & 
Thornburg, 1980) or even a negative association (Cotton & Range, 1990). One reason for the 
lack of consensus could be varying definitions of what “experience” constitutes (Mahon, 
1999). Experience of death is measured via child self-report, parent or teacher report, and can 
include one or more of: (a) death of an immediate family member or close friend, (a) death of 
an extended family member, acquaintance, or family friend, or (c) death of a pet (Cotton & 
Range, 1990; Hunter & Smith, 2008; Kane, 1979; Stambrook & Parker, 1987).   Additional 
variables such as closeness of the relationship, extent of physical exposure to the corpse, 
involvement in burial rituals etc., are almost never included yet individual differences in 
these specific experiences are likely to be important to children’s understanding. Another 
reason for the mixed findings may be that the association is age-dependent: it appears that 
direct experience predicts children’s death concepts for children up to the age of 6 years 
(Matalon, 2000), but not for older children.  
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Alternatively, the association between direct experience of death and children’s death 
concepts may be mediated by parental communication.  Parents report that an experience of 
death is one of the most significant factors influencing their decision to talk to their children 
about death (Renaud, Engarhos, Schleifer, & Talwar, 2015; Stambrook & Parker, 1987).  As 
we discuss below, parental input appears to be a significant predictor of children’s 
understanding.  
Although exposure to death and/or corpses is arguably the most powerful source of 
learning about death (Astuti, 2011), there may be other experiences that influence children’s 
understanding of death indirectly.  For example, children’s concepts of death are 
developmentally intertwined with their concepts of life and the life cycle (Rosengren et al., 
2014a; Slaughter et al., 1999), such that learning about one automatically promotes 
development of the other (Slaughter & Lyons, 2003).  Numerous studies indicate that contact 
with the natural world is positively associated with development of various biological 
concepts, many of which are conceptually related to death and dying (for a complete review 
see Longbottom & Slaughter, 2016). Thus, it stands to reason that experience with cycles of 
nature and living animals also plays a role in children’s understanding of death, although so 
far, no research has been conducted to test this assumption.   
Parental communication about death and dying 
What children know and learn is grounded in what their parents teach them. This 
includes children’s developing understanding of biology and the natural world (Fender & 
Crowley, 2007), with numerous studies demonstrating the influence of parental 
communication on concepts such as natural life-cycle changes and metamorphoses (Jipson & 
Callanan, 2003), genetic inheritance (Williams & Smith, 2006), and human-animal 
categorisation (Tarlowski, 2006; Waxman & Medin, 2007). 
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Clinical psychologists and bereavement experts emphasise the importance of talking 
to children about death from an early age in an honest and informative way, and to portray 
death as a natural part of the life cycle (e.g. Grollman, 1991; Lee et al., 2009; McNeil, 1983). 
These same sources express concern that many parents do not discuss death in depth with 
their children until the issue is forced by the death of a close relative, friend or pet (Cotton & 
Range, 1990; Rosengren et al., 2014a; Tarlowski, 2006; Waxman & Medin, 2007).  A survey 
of 270 American parents of 4- 6-year-old children revealed that parents were least 
comfortable talking with their children about death, as compared to talking about other 
biological topics including reproduction, life processes, aging, and illness (Nguyen, & 
Rosengren, 2004).  Although it should be noted that these parents’ average response for 
discussing death fell between “comfortable” and “somewhat comfortable”.  Another issue is 
that parents’ communications about death can be misleading; the use of euphemisms (“she’s 
passed on” or “we lost her”) can actually be detrimental to young children’s understanding, 
since these forms of expression avoid the biological realities of death and may even imply 
that the dead can return.  
Despite widespread consensus that parental communication is an important factor in 
children’s development of a mature death concept, few studies to date have directly examined 
the links.  One exception is Matalon (2000) who examined communication about death in 68 
middle- to upper-middle class parents from New York City with their 6- to 9-year-old 
children.  Based on the recommendations of death education specialists, she devised a 
questionnaire to assess parents’ tendency to engage in “effective” communication about 
death.  Matalon’s definition of effective communication included: the “parents’ willingness, 
availability, and comfort” when answering their children’s questions about death and dying, 
their “ability to share the unpleasant feelings” and uncertainties about death, and their 
“awareness of the need to prepare the child for the inevitable reality by utilizing opportunities 
CHILDREN’S BIOLOGICAL CONCEPTS 70 
in nature.”  Matalon (2000) found that parents’ self-reported frequency of this type of 
communication was significantly correlated with their children’s sophisticated understanding 
of death.  The study also revealed a significant negative association between parents’ own 
death anxiety and their tendency to communicate effectively about death, suggesting that 
parents who were more death-anxious were more avoidant or more likely to resort to 
euphemisms (Matalon, 2000).  It should be noted, however, that parents’ questionnaire 
responses about how they talk to their children about death may not accurately represent what 
they say when the topic comes up.  Hunter and Smith (2008) found no significant correlation 
between children’s death concepts and their parents’ communication about death, when the 
latter was assessed by having parents write direct responses to a 5-year-old actor’s audio-
taped questions about death.  This methodological difference could account for the 
contrasting findings, or, as the authors acknowledged, it may be that Hunter and Smith’s 
(2008) null findings could be attributed to their relatively small sample (N = 37) and 
restricted range of scores.  Ultimately, the role of parental input about death should be 
explored with methodologies that capture what parents actually say to their children. 
Explorations of parents’ communication about death and dying highlight two factors 
that influence death concept development in Western populations. These are: 1) the age at 
which children are believed to be capable of understanding death, and therefore should be 
taught, and 2) the type of information parents provide their children. Given that what parents 
discuss with their children is influenced by the age of the child, this factor will be discussed 
first.  
Early researchers examining the development of death concepts argued that children 
were incapable of understanding or even thinking about death before the age of 7, and that a 
mature death concept was not fully developed until 10 years of age (Kane, 1979; Nagy, 
1948). These estimates were informed by Piagetian cognitive developmental theory, which 
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assumed that children could not think about abstract concepts until middle childhood.  As 
noted above, the modern approach assesses children’s understanding of death as a biological, 
as opposed to abstract, concept.  This shift has significantly revised the developmental 
timeline, with modern research indicating that most children acquire a complete death 
concept between 5 and 7 years of age, and many are capable of understanding some sub-
concepts of death as young as age 3 (Rosengren et al., 2014a; Slaughter, 2005; Slaughter & 
Lyons, 2003; Tarlowski, 2006).  Despite this updated approach and research findings, much 
of the popular press, as well as some researchers, continue to cite outdated research and 
adhere to Piaget’s initial developmental ages.  This may account for the variation in parents’ 
observed beliefs about their children’s capacity to understand death.  
Research with Western educated parents indicates that the majority tend to fall into 
two groups with respect to their beliefs about children’s ability and readiness to learn about 
and understand death. One group of parents aligns with recent research, citing ages of around 
5 and 6 years and younger (Ellis & Stump, 2000; Hendricks, Jee, & Robbins, 2014; Kane, 
1979; Miller et al., 2014; Rosengren et al., 2014a).  Others report that children are not 
cognitively or developmentally capable of thinking about death before 7 years of age, and do 
not fully comprehend before 10 years of age at least (Ellis & Stump, 2000; Hendricks et al., 
2014; Vianello & Lucamante, 1988). For example, Hendricks et al. (2014) explored how 
American parents discussed sensitive topics with their children, and when they believed 
children were able to understand such topics. They found that, of a sample of 39 parents 
recruited online, 43% believed children were unable to understand death prior to 7 years of 
age, and 10% of those reported that a complete understanding of death was acquired after age 
12.  In the only study of its kind to date, Gaab et al. (2013) compared New Zealander parents’ 
perceptions of their children’s understanding of death to the children’s actual comprehension 
levels. After assessing the death concepts of 141 5- to 7-year-old children and surveying their 
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parents, Gaab et al. (2013) found that parents underestimated their children’s understanding 
of all the sub-concepts of death to some degree, with parents’ estimations of their children’s 
understanding of death causality being the most conservative.  Together, these studies suggest 
that parents may be unaware of the extent of their children’s understanding of death.  Beliefs 
about their children’s conceptual underdevelopment, combined with hesitancy about the 
emotional implications of talking about death, may explain why many parents avoid the topic 
until circumstances demand it (Rosengren et al., 2014a; Stambrook & Parker, 1987).  
The content of parents’ explanations are also revealing. These can be broadly divided 
into two categories: scientific facts and explanations, and religious, spiritual, or emotional 
reassurance and comfort. Reassurance responses are explanations aimed at providing solace 
to the child, and can include religious, emotional, biological, or spiritual information (e.g. 
continued existence after life, I won’t die until I’m much older, or it’s alright to feel sad; 
Gutierrez, Miller, Rosengren, & Schein, 2014; Renaud, Engarhos, Schleifer, & Talwar, 2013; 
Renaud et al., 2015). Facts and explanations generally relate to the biological processes 
involved in death, although they can also relate to rites and rituals following death (Gutierrez 
et al., 2014; Renaud et al., 2013; 2015).  
Providing children with the biological facts is obviously important for children’s 
developing concepts of death. Gutierrez et al. (2014) explored the content of 60 American 
parents’ self-reported conversations with their 3- to 6-year-old children as part of a wider 
study.  In response to their children’s questions about death, the majority of parents (79.2%) 
reported that they had incorporated facts and explanations relating to the biological nature of 
death.  However, other survey studies suggest that not all parents provide these sorts of 
explanations.  For example, Renaud et al. (2015) surveyed Canadian parents of 2- to 5-year-
old children about their conversations about death and what these conversations included.  
Seventy-five percent of parents reported that they had spoken at least once to their child 
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about death.  Of these, 36% reported that they had provided their child with a ‘known’ cause 
of death, and fewer than 20% reported that they explained the irreversibility of death. While 
many parents claim that their explanations include causes of death (when known; Gutierrez et 
al., 2014; Renaud et al., 2015) this is the one piece of information children are most likely to 
ask about, or wish they were provided with in retrospect (Crase & Crase, 1982; Irizarry, 
1992).  Coincidentally, causality of death is also the sub-concept that is mastered latest in 
development.  This may mean that parents’ causal explanations are not sufficiently 
informative, may be pitched at the wrong level for children to absorb, or may be confused by 
parents’ emotional reassurances.   
It should be recognised that the true proportion of parents who do talk to their 
children about death may be overestimated in the research literature. It seems likely that 
parents who are more open to the idea of speaking about death with their children are also 
more likely to agree to participate in studies. When interviewing high school students, 
Stillion and Wass (1982; c.f. Crase & Crase, 1982) found that 40% of American teenagers 
reported that death was never or rarely discussed at home when they were younger, while a 
further 26% reported that it had only been discussed when “absolutely necessary.”  
How parents communicate with their children about death and dying not only 
influences their children’s understanding of death, but also how they in turn communicate 
about it throughout their lifetime. There is increasing evidence that how a parent 
communicates about death and dying with their child, particularly when addressing a 
personal experience, influences how death is subsequently discussed or approached by the 
child (Crase & Crase, 1982; Irizarry, 1992) and this influence extends into adulthood 
(McGovern & Barry, 2000; Miller et al., 2014).  For example, Irizarry (1992) found that 
Australian 8- to 12-year-olds explained their grandparents’ deaths using the explanations 
provided to them by their parents, even when they reported that they did not agree with, or 
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understand, them.  McGovern and Barry (2000) found that Irish parents and teachers reported 
that their personal experience of death and bereavement was the most salient influence on 
their communications with children about death and dying.  These findings suggest a 
perpetual transmission cycle of attitudes and conversations about death across generations.  
The literature has identified several ways in which children construct an 
understanding of death in the absence of direct teaching from parents and other caregivers. 
One way in which children learn about death is by listening in on adults’ conversations 
(Astuti, 2011). As Kuroswska-Susdorf (2015) puts it, “by overhearing adult conversations, 
[children] construct their own internal understanding using snippets of information” (p. 141).  
A second way in which children formulate an understanding, particularly when insufficient 
information is provided, is by drawing on their own existing understanding of the world, or 
their imagination, to “fill in the gaps,” or simply by making up their own stories to explain 
what happens (Irizarry, 1992; Jacob et al., 2012). For example, Irizarry (1992) observed a 10-
year-old girl who pieced together overheard snippets and concluded that:  
"The sleeping pills she [Grandma] had been given may not have been the 
correct ones because normal ones dont make someone die. My gran was tal king about 
it. My grandma had a cold and had gone to the hospital. She didnt want to go to sleep 
and was given sleeping pills and then she died. My father said it was ‘old age’." [p. 
46]  
Similarly, Miller et al. (2014) report instances of children integrating what they know 
about religion or biology to make sense of death. One example was a child who: 
“asked her therapist if she thought her deceased mother would “grow back when it 
gets back to summer time?…she might come back as a flower.” This child had 
witnessed her mother’s coffin being lowered into the ground. Using her knowledge 
that seeds that are planted in the ground emerge as plants, she reasoned analogically 
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that her mother would grow back. …This child seemed to draw on her existing 
understanding of biology to create a unique and comforting idea about her dead 
mother.” [p.27]. 
Finally, children may assimilate information about death and dying from broader 
contexts, for example by learning that important historical Figures are dead. The following 
section considers one specific context, namely, the portrayal of death in the media.  
Media Portrayals of death and dying 
In times past, one function of literature, particularly fairy tales and oral stories, was to 
help children to understand and develop a sense of meaning about the world they lived in 
(Poling & Hupp, 2008). While this role continues today, researchers acknowledge that for 
modern children, conveyors of these messages are more likely to be movies and television 
shows (Sedney, 1999).  It is estimated that children under 8 years of age spend an average of 
3 hours per day consuming media, with the majority of that time dedicated to film and 
television (Rideout, 2013; Yu & Baxter, 2015).  Given its prevalence in children’s lives, 
media is now recognised as a legitimate cultural purveyor of specific roles, values, and ideals, 
equivalent in influence to traditional sources of learning such as schools and the family 
environment (Robinson, Callister, Magoffin, & Moore, 2007; Tenzek & Nickels, 2017).   
Sedney (1999) suggests that the media is an “indirect [form of] death education” 
(p.316) which can be just as powerful as directed forms of learning.  There is evidence that 
exposure to media portrayals of real-life traumas (such as terrorist attacks) can produce 
symptoms of Post-traumatic Stress Disorder in children (Otto et al., 2007; Pfefferbaum et al., 
2003).  However, as yet there is surprisingly little research addressing how exposure to death 
in the media relates to children’s death concepts. 
Amongst adults, media portrayals of death have been found to influence attitudes 
towards, and concepts about, death (e.g. King & Hayslip, 2002; Schiappa, Gregg, & Hewes, 
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2004). In one of the few research studies to address the role of media exposure in children’s 
learning about death, Gutierrez et al. (2014) asked American parents of 3- to 6-year-olds 
about what prompted their children’s questions about death and dying.  Sixty-seven percent 
of the parents reported that their children had asked questions about a death portrayed in the 
media, most commonly in books and films.  Similarly, Renaud et al. (2015) found that a 
majority of parents they surveyed, reported that their children were first exposed to death in 
the media.  These parents also reported that their earliest conversations with children about 
death were most commonly about a media portrayal, followed by death of a pet and death of 
grandparents (Renaud et al., 2015). These findings suggest that media portrayals of death 
may be as important as direct experience in exposing children to death and dying, and 
stimulating parental communication on the topic.  
Although not characteristic of all mainstream media representations of death, many 
films and books for children contain confusing, unrealistic, and potentially harmful 
information about death and bereavement (Colman et al., 2014; Poling & Hupp, 2008; 
Sedney, 1999; Tenzek & Nickels, 2017).  Sedney (1999) argues that children may internalise 
the unrealistic messages about death being provided by popular media, and these inaccurate 
ideas may impact on their developing understanding of death and their attitudes towards it.  
Distorted portrayals of the permanence of death and protagonists’ grief responses following a 
death are most common. For example, Tenzek and Nickels (2017) examined the prevalence 
and characteristics of death portrayals in 57 Disney and Pixar films.  They found that at least 
one death occurred in 84.2% of the movies.  Of those deaths, 31.6% were portrayed as 
reversible (either physically or by characters returning as spirits). They also observed that, 
when characters reacted to these deaths, 63.2% of those reactions were portrayed as either 
positive or lacking in emotion. Tenzek and Nichols (2017) point out that these unrealistic 
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portrayals can be confusing to young children, but propose that parents and educators use 
them to frame conversations with children about the realities of death.  
Alongside concerns about unrealistic and inaccurate depictions of death and grief in 
the mainstream media, there is also recognition that carefully crafted media portrayals can 
have a positive influence on children’s understanding of death (Colman et al., 2014; Marshall 
& Marshall, 1971; Sedney, 1999; Tenzek & Nickels, 2017).  For example, there is a small 
children’s literature on death education, aimed at providing facts about death and suggesting 
ways to cope and normalise grief (Marshall & Marshall, 1971).  Clinicians and educators 
recognise the value of these books both in promoting children’s understanding of the realities 
of death and in stimulating communication between children and their parents (Marshall & 
Marshall, 1971).  In the USA, a now-famous episode of Mister Roger’s Neighbourhood 
focused on the death of a goldfish (Rogers & Chen, 1970; Sharapan, 1977).  This episode 
“dealt with death in a low-anxiety situation” (Sharapan, 1977, p.183) and was explicit in 
providing factual information about the death sub-concepts of irreversibility, universality, and 
cessation. The producers received numerous letters from parents and children expressing 
thanks for the program and providing examples of how the program helped them deal with 
the realities of death (Sharapan, 1977). The program was repeated several times over the next 
few years. More recently, the Sesame Street episode Goodbye Mr Hooper (Stiles & Simon, 
1983) centred around the death of Mr Hooper, a popular (human) character in the show. The 
episode portrays frank and factual discussions about death and grief.  Shortly after the 2012 
Sandy Hook massacre in the USA, the episode went viral as parents sought a way to help 
explain death and dying to their children (Locker, 2012). Despite being released decades ago, 
the episodes of Mr. Rogers and Sesame Street are still accessed today and demonstrate that 
media can provide a positive resource for children’s developing death concepts.  
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However, it must be acknowledged that what topics are addressed, and how they are 
portrayed in the media is governed by social norms and beliefs about what society deems 
“appropriate” for children. This has been evident in public reactions to two noteworthy 
portrayals of death in media for children. The first is E.B White’s classic storybook 
Charlotte’s Web, which was criticised for its ending in which the main character dies. White’s 
publisher initially told White to modify the ending so that Charlotte survived, but White 
refused (Marshall & Marshall, 1971).  After its release, the book was controversial with 
reviewers claiming that the death was “not an appropriate subject for children.”  Despite this, 
Charlotte’s Web remains a bestseller for young children (Miller et al., 2014) and has since 
been remade for film. More recently, Disney was criticised for The Lion King’s depiction of 
the death of Mufasa. Critics argued that the film was too violent and scary for young children, 
with the death deemed to be inappropriate (Lachnit, 1994). Again, despite the protestations, 
the Lion King remains one of the highest grossing and popular Disney films of all time. It 
should be noted that the initial critical reviews of the Lion King eventually gave way to praise 
for its realistic and honest depiction of grief and for its portrayal of death as part of the “cycle 
of life” (Cox, Garrett, & Graham, 2005; Sedney, 1999).  
These examples both suggest that there is an appetite in society for realistic media 
portrayals of death and dying, and they highlight the potential for media to play an important 
role in children’s developing concepts of death.  This is a ripe area for further research.  For 
instance, there is as yet no research examining how death portrayals in video games relate to 
children’s developing death concepts, which is surprising given the widespread recognition 
that many video games portray death as impermanent.   
Conclusion and recommendations 
Modern children have limited access to information about death and dying.  
Alongside socio-cultural trends that have removed death from everyday life, many adults 
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endorse attitudes of shielding children from the reality of death.  Furthermore, it appears that 
parents tend to underestimate what their children know about death, and often discuss the 
topic using euphemisms that actually contradict the biological facts.  While media exposure is 
an increasing influence on children’s learning, there is no research to date investigating how 
media portrayals influence children’s developing death concepts.  
Drawing together the limited evidence reviewed above, and the advice of 
bereavement experts and clinicians, the following tentative recommendations about how to 
teach modern children about death and dying can be made:  
Parents, educators and other influential adults should ensure that young children have 
exposure to nature and animals, as these sorts of experiences promote children’s 
understanding of biological concepts (Longbottom & Slaughter, 2016).  
Death education should be frank and honest, but it does not have to be head-on.  
Research shows that understanding life and death are intertwined, so providing children with 
biological information about the life cycle and how the body works may have a positive 
influence on their understanding of death (Lee et al., 2009; Slaughter & Lyons, 2003). 
Adults should be aware of the potential to confuse children when their communication 
contains a mix of factual information and euphemisms.  Furthermore, parents should bear in 
mind that their communications about death affect both their children’s emerging 
understanding and how their children will approach the topic in their turn.   
Media portrayals that address death honestly (e.g. Mister Rogers, Lion King) may be 
valuable resources for teaching children the realities of death.  At the same time, parents 
should be on the lookout to counteract beliefs and attitudes that might arise from children’s 
exposure to inaccurate media portrayals of death. 
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Chapter 5: Parental Communication about Death and Dying 
Parents play an important role in how their children develop their native theories of 
the world. What children know and learn is grounded in the experiences and explanations 
parents provide. It is widely accepted that parental communication plays an important role in 
the development of children’s knowledge and understanding of various biological phenomena 
(Fender & Crowley, 2007). In particular, parents are believed to play a significant role in their 
children’s developing understanding of death and dying through the way they talk about (or 
avoid) death around their children (Matalon, 2000; McNeil, 1985; Richardson, Baker, & 
Kastenbaum, 1998; Richardson & Weinfurt, 1997). Furthermore, researchers state that 
children’s understanding of life and death stems from their daily experiences, and the 
explanations offered by their main caregivers; and from the experience of death in a social 
environment (Dempster & Stears, 2004; Hunter & Smith, 2008).  
Studies have demonstrated that the majority of western adults, including parents, 
paediatricians, and teachers, believe that death and dying is a topic which should be primarily 
taught by parents, at home (McGovern & Barry, 2000; McNeil, 1985; Nguyen & Rosengren, 
2004; Renaud et al., 2015; Vianello & Lucamante, 1988). Furthermore, because of the 
sensitive nature of the topic, it is generally accepted by educators that death education should 
remain in the domain of the home; with death education being offered in schools only in the 
case of “crisis” situations, where a death occurs within the school community (Edgar & 
Howard-Hamilton, 1994).  
Given that parents almost exclusively handle, and mediate their children’s exposure 
to, information about death, it is vital to understand how parents communicate with their 
children about death and dying, and how this communication in turn influences their child’s 
development of a mature death concept. Yet little research has actually examined these 
processes. 
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In Chapter 3 we discussed where children learn about death, how parents’ early 
experiences shape their attitudes and discussion about death, how parental communication is 
influenced by children’s age and societal folk theories and highlighted some of the ways 
children develop their understanding when parents fail to provide sufficient or appropriate 
information. In this Chapter we seek to expand on the content and themes common to 
parental communication, how these are influenced by ecological and experiential factors, 
whether parental communication reflects children’s views and questions about death, and 
outline the existing research exploring the relationship between parental communication on 
children’s emerging death concepts. We conclude by highlighting some of the key issues 
inherent in the existing literature and offer suggestions for future research.   
The Importance of Early Communication 
Research suggests that approximately 18% of Western children will experience the 
death of a close relative by the time they are 16 years old (Olesen, Macdonald, Raphael, & 
Butterworth, 2010), with a larger number expected to have encountered the death of a relative 
or friend. Recent studies exploring children’s understanding and parental communication 
about death have reported wide variations in the percentage of children who had experienced 
death, with reports ranging from 50 – 87% (see for example Gutierrez et al., 2014; Hunter & 
Smith, 2008; Miller et al., 2014; Panagiotaki et al., 2018; Renaud et al., 2015). These reports 
may vary due to the inconsistent conceptual definitions of which death experiences should be 
included. As such, some studies examine only human death, while others have included the 
importance of the death of a pet. For example, between 38 – 60% of children had experienced 
the death of a relative or friend (Miller et al., 2014; Panagiotaki et al., 2018; Renaud et al., 
2015), while other studies have reported between 40 and 70% of children aged up to 8 had 
experienced the death of a pet (Hunter & Smith, 2008; Lee et al., 2009; Miller et al., 2014; 
Renaud et al., 2015). Additionally, parents have also reported experiences with media or 
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television deaths as significant experiences for their children, making up the most common 
experience of death for children as young as 3 (Gutierrez et al., 2014; Miller et al., 2014; 
Renaud et al., 2015).  
These findings suggest that a large proportion of children will experience some form 
of death in their childhood. Given that experts suggest that a mature death concept prior to a 
personal death experience can act as a moderating factor in a child’s bereavement process 
(Aspinell, 1996; Grollman, 1991; Willis, 2002), there is a clear need to ensure that children 
are prepared and equipped to cope with the death of a close person or pet when it occurs. 
However, the reality is that many parents do not discuss death in depth with their children 
until the issue is forced by the death of a close relative, friend or pet (Gutierrez et al., 2014; 
Miller et al., 2014). 
Clinical and bereavement experts (see for example: Aspinell, 1996; Bowie, 2000; 
Grollman, 1991; Richardson et al., 1998; Richardson & Weinfurt, 1997; Willis, 2002) urge 
that children should learn about death before they encounter it, a view shared by many 
parents despite a lack of communication. These experts provide guidelines for talking to 
young children about death and dying, emphasising the importance of providing sufficient, 
developmentally appropriate information to young children. They argue that children need to 
be provided with a realistic understanding of death as a natural process in order to better 
handle the experience of death. As such, they encourage parents to use opportunities in nature 
to talk about death or the lifecycle (for example, encountering dead leaves, dead insects, etc.). 
They encourage parents to provide honest, simple answers to their children, including their 
own inability to answer a question if necessary, and sharing their own feelings of sadness so 
children know it is alright to feel sad. They also urge parents to avoid using analogies, stories 
or euphemism when explaining death to children, stating that it is developmentally better to 
use death and dead as opposed to abstract terms such as “passed away” or “lost”, which 
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children may not understand or which may confuse them. For example, there are reports of 
children offering to help find people who have been “lost” or reassuring others that they will 
find them again. Finally, they emphasise the need to talk to children rather than avoid 
discussion. They warn that young children, even under 3 years, are capable of noticing when 
a loved one dies. Furthermore, they note that children are observant of changes in those 
around them when a death occurs. Failing to talk to the child about a recent death could lead 
children to think that they shouldn’t ask questions about what is wrong, or question why 
those around them are acting differently.  
Bereavement experts and clinicians also warn that an absence or lack of appropriate 
information about death can lead to prolonged grief, depression and anxiety when a death is 
encountered, especially if questions or concerns go unaddressed (Aspinell, 1996; Grollman, 
1991; Panagiotaki et al., 2014; Richardson et al., 1998; Richardson & Weinfurt, 1997; Willis, 
2002). These issues are rarely temporary, with many persisting long afterwards (even into 
adulthood). Furthermore, what parents tell their children is not always helpful, and can even 
be detrimental for their understanding and emotional wellbeing, for example euphemisms 
such as “God wanted her to be an Angel in heaven” are confused for the cause or reason of 
death and can lead children to feel fear that they must be bad or that God is something to fear 
(Miller et al., 2014; Richardson et al., 1998; Richardson & Weinfurt, 1997). 
A study by Yang and Chen (2006) demonstrates the impact that parental avoidance or 
openness can have on their children’s personal understanding and feelings about the topic of 
death. They examined the personal meaning of death and the experiences of 204 Taiwanese 
children and adolescents and found that in families who had had open discussions about 
death, there was a tendency for children to provide more positive evaluations about death. 
Negative judgements about death were more prevalent in in children who reported having 
seldom or never discussed death in the family. In addition, those children who rarely had 
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family conversations about death also reported more negative physiological responses when 
talking about death (e.g. they reported shivering, sweating, or feeling powerless).  
Factors influencing parental communication 
In Chapter 3 we discussed the influences of parents own’ experiences with death as 
children, and the age of their own child, on how parents talk to their children about death or 
dying. Previous research has identified several additional contributing factors which may 
influence how and why parents communicate about death and dying. These include religious 
or spiritual beliefs (Gutierrez et al., 2014; Miller et al., 2014; Renaud et al., 2015), child’s 
gender (Matalon, 2000; Panagiotaki et al., 2014), parents’ death anxiety or comfort with the 
topic, a personal experience of death (Matalon, 2000; Panagiotaki et al., 2014; Patterson, 
2007), the child initiating a conversation about death, cultural beliefs, and views on a 
continued existence after life are potential influential factors for parental communication 
about death (Matalon, 2000; Miller et al., 2014; Panagiotaki et al., 2014; Renaud et al., 2015). 
Given that parental comfort is closely linked to parents’ own experiences and beliefs, we 
focus on three factors with the strongest support in the existing literature: children’s own 
experiences of death, religious or spiritual beliefs, and a belief in some form of continued 
existence after life.  
Death Experiences of children 
Children’s experience of human, animal, and media portrayals or experiences with 
death often lead them to ask questions about death and dying (Gutierrez et al., 2014; Renaud 
et al., 2015; Rosengren, Gutierrez, & Schein, 2014b).  While studies have explored the 
influence of experiences with death on children’s death concepts, only a few studies have 
examined the influence of children’s experience of death on their parents’ communication.  
A study by Renaud et al. (2015), explored 140 Canadian parents’ communication with 
their children about death. They found that parents whose children had experienced some 
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form of death had spoken with their child about death. Furthermore, even when age was 
controlled for, the likelihood of a parent–child conversation about death occurring was related 
to an experience of death. A further analysis found that children’s age and death experiences 
were both significant predictors of whether parents had spoken with their children about 
death. These findings reflect anecdotal reports from other studies that the majority of parents 
do not talk to their children about death until their child experiences some form of death, 
despite a general agreement that children should learn about death before they encounter it 
(McGovern & Barry, 2000; Nguyen & Rosengren, 2004).  
Matalon (2000), examined communication about death in 68 middle- to upper-middle 
class parents from New York City with their 6- to 9-year-old children. Based on the 
recommendations of death education specialists, she devised a questionnaire to assess parents’ 
tendency to engage in ‘‘effective’’ communication about death. Matalon’s definition of 
effective communication included: the ‘parents’ willingness, availability and comfort’ when 
answering their children’s questions about death and dying, their “ability to share the 
unpleasant feelings” and uncertainties about death and their “awareness of the need to 
prepare the child for the inevitable reality by using opportunities in nature.” 
She found a significant positive association between the number of deaths a child had 
experienced and how effectively their parents communicated with them about death, 
suggesting that parents whose child had a greater number of experiences of death talked to 
their children more effectively about death.  
However, further analysis of the relationships between parental communication, 
parents’ death anxiety, and children’s death experiences revealed that strong associations 
existed between all three variables. In light of literature suggesting that parents’ 
communication may be influenced by their death anxiety and that this may be influenced by 
their experiences with death, the author decided to explore this relationship in further detail. 
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She conducted a hierarchical regression with death anxiety, religion and death experiences 
entered second, after children’s age and gender had been controlled for. The results revealed 
that parents’ death anxiety was a significant predictor of their communication efficacy, while 
death experience was no longer of statistical significance. Taken together, these findings 
suggest that parents whose children have had more death experiences are less anxious about 
talking to their child to death, which in turn leads to more effective communication. 
Religious and spiritual beliefs and belief in a continued existence after death  
While several studies have considered the influence of religious beliefs and a belief in 
the afterlife on children’s understanding of death (See Kenyon, 2001; Panagiotaki et al., 2018 
for reviews), few have explored the influence such beliefs have on how parents communicate 
to their children about death. Some studies have found a link between a belief in an afterlife, 
which studies have found can be independent of a religious belief (Matalon, 2000; 
Panagiotaki et al., 2014), and death anxiety (see for example Matalon, 2000; Badenhorst, 
2010); however the majority of these studies are focused on personal attitudes or influences, 
and do not examine this relationship in the context of how parents communicate with their 
child. A recent Canadian study has shed some light on the relationship between religious or 
spiritual beliefs and parental communication about death. 
Renaud et al. (2013, 2015) examined the types of explanations that 83 Canadian 
parents of 2- to 5-year-old children provided when having conversations about death, and 
potential factors associated with the type of explanations parents provide.  In particular, the 
study examined the influence of parents’ religious beliefs, spiritual beliefs, a belief in an 
afterlife, and parents’ death anxiety on how they explained death to their children. It should 
be noted that spiritual and religious beliefs were considered to represent different beliefs, and 
as such were treated as separate variables.  They first sought to delineate explanations into 
one of three response types: religious or spiritual information, biological explanations, and 
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discussion about the irreversibility of death. Overall, 65% of all conversations included 
religious explanations, while 55% included biological explanations.  
Further analysis revealed that parents’ explanations were strongly related to their 
religious or spiritual beliefs, with positive correlations detected between parents with stronger 
religious or spiritual beliefs and the frequency of religious or spiritual explanations, and a 
significant negative correlation between parents’ religious beliefs and frequency of biological 
explanations. These findings indicate that parents with stronger religious and spiritual beliefs 
are more likely to provide their children with religious or spiritual information, and less likely 
to provide biological explanations. Furthermore, they found evidence suggesting religious or 
spiritual strength was a stronger influence on the content of parents’ explanations than their 
child’s age. This finding could help to explain why religion has been found to be associated 
with children’s understanding of death. 
Furthermore, parents’ belief in an afterlife and death anxiety were found to be 
significant predictors of parents’ use of religious or spiritual explanations. The authors argued 
that parents’ belief in an afterlife and anxiety regarding death play a significant, unique 
contribution to parents’ choice to use spiritual or religious explanations, with age being less 
influential in parents’ use of religious explanations. Additionally, this finding lends support to 
research suggesting that parents who feel uncomfortable about death, or who believe children 
are not developmentally capable of understanding death in a biological way, are more 
inclined to use religious or spiritual explanations when talking about death.  
This finding is consistent with the findings of Toller and McBride (2013), who found 
that parents who believed that death was too upsetting or complicated for their child to 
understand primarily referenced religion when trying to explain a recent death to their 
children. Moreover, they cited discussion of an afterlife as an important aspect of their 
communication as they believed it offered a source of comfort to their children and made 
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them feel more comfortable to discuss the death. Potential issues and concerns regarding the 
use of religious explanations will be discussed later in relation to parents’ actual 
communication.  
Parental Explanations of Death 
In Chapter 3 we briefly discussed the importance of parents’ reported communication 
with their children about death and dying. In particular, we discussed how children develop 
their understanding when death is avoided, or insufficient information is provided. In order to 
better understand the influence of parental communication on children’s understanding of 
death, it is important to understand what parents say, which themes or content they 
emphasise, and how they approach discussions of death.  
Interviews with parents have revealed that whilst a majority of the parents who have 
taken part in such studies have reported talking to their child about death, the majority of 
parents’ explanations are characterised as “brief, avoidant, and indirect”, with most parents 
adopting the folk-theory that children need to be shielded or protected from the realities of 
death (Miller et al., 2014). Many parents would emphasise the need to provide enough 
information to answer the question, but that was all (Renaud et al., 2013; 2015). Furthermore, 
when parents do communicate with their children, many use euphemisms and abstract terms 
to describe death (e.g. “we ‘lost’ her”, or “grandma has gone to be with the angels”).  
The content of parents’ explanations and responses to questions, such as those 
previously outlined, are also revealing. As we briefly mentioned in Chapter 3, parents’ 
explanations can be broadly divided into two categories: scientific facts and explanations, and 
religious, spiritual, or emotional reassurance and comfort. Reassurance responses are defined 
by Renaud and colleagues (2013, 2015) as explanations aimed at providing comfort or solace 
to the child, and can include religious, emotional, biological, or spiritual information (e.g. 
continued existence after life, I won’t die until I’m much older, or it’s alright to feel sad). 
CHILDREN’S BIOLOGICAL CONCEPTS 97 
Facts and explanations generally relate to the biological processes involved in death, although 
they can also relate to rites and rituals following the death. A handful of studies have sought 
to better understand how parents explain death to their children, and how this differs between 
reassurance and factual explanations. As such we discuss each in turn.  
Reassurance Reponses 
Reassurance responses are explanations aimed at providing comfort or solace to the 
child, and can include religious, emotional, biological, or spiritual information.  Providing 
comfort and reassurance is undoubtedly important when discussing death, particularly in the 
wake of a recent death experience. Two recent studies have shed some light on the prevalence 
of such explanations in parental conversations about death, and the exact nature of these 
responses.  
Gutierrez et al. (2014) explored the content of 60 American parents’ self-reported 
conversations with their 3- to 6-year-old children as part of a wider study. Two-thirds of 
parents incorporated reassuring statements into their responses to their children’s questions 
about death. A closer examination of these responses showed that the majority of parents’ 
reassurance responses were religious in nature, with most discussing ideas relating to god, 
heaven, the soul or spirit. Biological reassurance was the second most common topic of 
reassurance, although it was cited almost half as often as religious reassurance. Emotional 
reassurance was rarely incorporated, with the exception of instances where questions were 
related to a death in the media. These findings suggest that parents are more inclined to 
reassure or comfort children through the incorporation of religious, rather than emotional or 
biological explanations. However, it should be noted, that in this study, responses reflected 
how parents responded to their child’s questions about death, and as such were dependent on 
the content of the child’s question. However, another study conducted in Canada supports the 
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suggestions that parents prefer to use religious explanations when explaining death as a 
means of reassurance.  
Renaud et al. (2013, 2015) surveyed 140 Canadian parents of 2- to 5-year-old children 
about their conversations about death and what these conversations included. Seventy-five 
percent of parents reported that they had spoken at least once to their child about death, with 
83 of these parents (85.6%) providing researchers with an outline of what they said to their 
child. They first sought to delineate responses into one of three response types: religious or 
spiritual information, biological explanations, and discussion about the irreversibility of 
death. Overall, they found that parents most frequently provided religious explanations about 
death, with approximately 65% of parents indicating they had provided a religious response.  
In a follow-up study, Renaud et al. (2015) sought to explore the content of 88 
Canadian parents’ conversations with their children. In this study, parents provided the 
content of conversations they had had with their children about death; with the majority of 
parents indicating that they were the one to initiate the conversation. The researchers 
conducted a content analysis on the explanations, in order to identify the most common 
themes and constructs covered in their explanations. This analysis revealed that parents most 
frequently made religious or spiritual references, closely followed by frequent references to 
the continuation of life after death (60.5% and 58.1%, respectively). Furthermore, over half 
of all parents included both of these concepts in their explanations. Comfort responses were 
less common, with only 13% of responses including references to the ways someone who 
experiences death can get comfort from memories of a loved one, friends and families.   
Biological facts and explanations 
Providing children with the biological facts is obviously important for children’s 
developing concepts of death. However, there is little known about what information parents 
provide, or how these may influence their children’s understanding of death. In their study, 
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Gutierrez et al. (2014) found that in response to their children’s questions about death, the 
majority of parents (79.2%) reported that they had incorporated facts and explanations 
relating to the biological nature of death.   
In Renaud et al.’s (2013) study of Canadian parents’ conversations about death, 
approximately 55% of the explanations included biological information. Information 
regarding the irreversibility of death was the least frequent of the three types explored; with 
just under 40% of explanations including information regarding the irreversible nature of 
death. The researchers followed this study by conducting a content analysis on the 
explanations, in order to identify the most common themes and constructs covered in their 
explanations (Renaud et al., 2015). Of these, 36% reported that they had provided their child 
with a ‘known’ cause of death, and fewer than 20% reported that they explained the 
irreversibility of death. Other aspects of the sub-concepts of death were referenced less 
frequently, with references to the cessation of bodily or mental functions absent from any of 
the explanations.  
General Advice from Experts 
Despite many parents reporting that they provide facts and explanations to their child, 
these explanations are generally vague or brief, with a known cause of death and the 
irreversibility of death being the most commonly referenced explanations. However, a greater 
emphasis is placed on providing reassurance and comfort, often through religious or spiritual 
information and explanations of death, rather than providing children with an understanding 
of what death actually entails, and that death is a naturally occurring process.  
Richardson et al. (1998) highlighted that experts have provided several warnings 
regarding the use of religious explanations when explaining death to young children. While 
experts agree that parents who have strong religious convictions should be honest and share 
their own beliefs with their children, they must also take into consideration children’s 
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developmental level and ensure that sufficient information and explanation of abstract or 
ambiguous terms are used. They warn that certain explanations can be confusing to young 
children, especially when abstract themes or unfamiliar religious terminology is provided 
without further elaboration or definitions. Furthermore, they warn that parents remember that 
young children prefer to think in concrete terms, and abstract or ambiguous explanations such 
as “God took him” are problematic as they can be taken literally.  
This warning is particularly important when one considers that studies have shown 
that young children have a biological understanding of death before they begin to develop a 
coexisting religious concept of death (Astuti & Harris, 2008; Harris, 2011; 2018; Legare, 
Evans, Rosengren, & Harris, 2012; Panagiotaki et al., 2018; Rosengren et al., 2014a). This 
suggests that younger children prefer and benefit more from biological explanations of death, 
and that religious explanations are better understood and incorporated by older children who 
are capable of thinking more abstractly about death.  
Further, bereavement experts warn that parents should never use explanations which 
suggest that a tragic event or loved one’s death is God’s will. They warn that explanations 
such as “God took Grandpa away because He loved him” or “God took Lilly because she was 
good and he needed more angels in heaven” should never be used as they suggest that good 
people will die and have to leave the family forever, that those left behind are not loved by 
God or not considered to be “good”, and can cause God to become the enemy or cause of the 
death, rather than a source of comfort (Richardson et al., 1998).  
Actual Evidence 
Despite widespread consensus that parental communication is an important factor in 
children’s development of a mature death concept, few studies to date have directly examined 
the links. Of the studies that have been conducted, only a handful have focused on 
communication with children who are healthy or not being prepared for an approaching death 
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of a close family member due to terminal illness. Even fewer studies have extended their 
focus beyond the communication itself to examine the actual influences such communication 
has on children’s death concept formation.  
As mentioned in Chapter 3, one exception is a study by Matalon (2000), who found 
that parents’ self-reported frequency of this type of communication was correlated with their 
children’s understanding of death. The same study also revealed a negative association 
between parents’ own death anxiety and their tendency to communicate effectively about 
death, suggesting that parents who are more death-anxious were more avoidant or more likely 
to resort to euphemisms. However, Matalon’s findings are contrasted by Hunter and Smith 
(2008) who found no significant correlation between children’s death concepts and their 
parents’ communication about death. however, the authors admitted that their null result 
could have been influenced by a restricted range of scores and a small sample (n = 37). 
A recent study by Renaud (2013), sought to directly examine parents’ communication 
about death and the relationship to children’s death understanding. Forty-four Canadian 
parent-child dyads, with children aged between 3- and 7-years of age, were video-taped 
watching an episode of Sesame Street in which the adults discuss the death of Mr Hooper 
with Big Bird (with a particular focus on the irreversibility of death). Parents were 
encouraged to talk to their child about death the way they might do at home and respond to 
their child’s questions and curiosity about death in whatever way they felt comfortable. 
Children’s understanding of death and death anxiety were assessed using Smilansky’s Death 
Concept Questionnaire (c.f Schonfeld & Smilansky, 1989). Participants were randomly 
assigned to one of two conditions, in which the order of tasks was counterbalanced, such that 
half of the participants viewed the video first and then completed the death interview, and 
vice versa.  
CHILDREN’S BIOLOGICAL CONCEPTS 102 
Parent-child conversations were first analysed to identify the most frequent death-
related themes that emerged during the conversations.  Content analysis revealed that more 
than half of the sample (61.4%) referred to a Negative Emotional State, such as sadness, 
during their conversation. This is understandable given the focus of the episode was to help 
Big Bird understand and cope with the death of his friend. Parents were also more inclined to 
provide comforting responses (22.7%) or discuss the irreversibility of death (22.7%), talk 
about some form of continued existence (18.2%), or refer to the physical causes of death, if 
known (15.9%).  
The content of parent-child conversations was found to differ according to task order. 
Children who had discussions about death prior to completing the measures were more likely 
to discuss the causality of death, whereas those children who completed the measures of 
death understanding prior to discussing the video had a tendency to address the concept of 
continued existence after death. To explore whether the content of parent-child conversations 
could predict children’s understanding scores on each of the subcomponents, hierarchical 
regressions were conducted on the sub-concepts of causality, cessation, irreversibility, and 
inevitability/universality. 
Linear regressions revealed that children’s understanding of cessation was predicted 
by discussions that addressed the physical causes of death. Irrespective of children’s age or 
the order of task, when discussions included the concept of a known cause of death, children 
had higher scores on their understanding of the cessation of bodily processes.  
Children’s understanding of the irreversibility of death was also related to the content 
of discussions. the topics of irreversibility and a continued existence after death were both 
found to predict children’s understanding of the irreversibility of death, above and beyond 
that accounted for by children’s age. The analysis revealed that the concept of a known cause 
of death was related to higher scores in children’s understanding of irreversibility, whereas 
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the inclusion of the concept of a continued existence was related to lower scores in children’s 
understanding. Thus, more biological explanations led to a more sophisticated understanding 
of death, while religious or spiritual explanations resulted in a less mature death concept. 
These findings are particularly interesting considering findings that parents prefer to discuss a 
continued existence after death and provide religious and spiritual information when 
explaining death to their children, rather than biological facts and explanations. 
When children ask questions about death? 
Only a handful of studies have explored children’s questions about death, with the 
majority examining children’s questions as part of studies interested in parental attitudes or 
communication about death. These studies have provided varying, yet interesting results. 
An Italian study exploring parent and paediatrician attitudes and beliefs about 
children’s understanding of death (Vianello & Lucamante, 1988), asked a sample of 30 
parents and 30 paediatricians when they believed children could understand death, and 
whether young children ask questions about death. They found that the majority of 
participants (70% of parents, 60% paediatricians) did not think children ask questions about 
death. The same study found similar proportions of parents and peadetricians believed that 
children rarely or never thought about death (77% and 74%, respectively). The authors 
suggested that this denial of children’s interest in death could reflect the adults’ unwillingness 
to accept children’s questions about death or could be a reflection of the difficulty for parents 
to overcome their own feelings and reservations about discussing death, to create an affective 
and comfortable climate that favours children’s natural interest in death.  
Nguyen and Rosengren (2004) conducted a study exploring parents’ reports of their 
child’s knowledge and misconceptions of several biological processes. They asked 125 
parents of 3- to 4-year-olds, and 145 parents of 5- to 6-year-olds to complete a questionnaire 
about their child’s knowledge and misconceptions involving five key biological concepts: 
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life, aging, reproduction, illness, and death. Parents were asked to rate on a 4-point Likert 
scale (1 = never, 2 = Occasionally, 3 = once or twice a week, 4 = daily) how often their 
children had asked questions or talked about each of the five biological processes. They 
found that, on average, children asked questions or talked about death and reproduction more 
frequently than the other biological topics, with parents reporting that their child asked 
questions about death approximately once or twice a week (M = 3.10). Post-hoc comparisons 
revealed that there was no significant difference in frequency between the 3 – 4-year-olds and 
5 – 6-year-olds. Despite this, the majority of the same parents reported that they believed that 
death was a topic that children should learn about by 5– 6 years, as opposed to 3– 4 years 
when they felt that topics such as illness, ageing, and life should be taught. This could 
suggest that children asked more questions about death compared to the other biological 
topics (with the exception of reproduction) as it had not been discussed as much as the other 
topics and children wanted or needed more information to build their understanding.   
More recently, Renaud et al., 2015, asked parents of children aged up to 8 years to 
report whether their children had asked any questions about death and dying, either 
spontaneously or in relation to a conversation about death. Of the 105 parents who reported 
having had at least one conversation about death with their child, 75% of parents reported 
that their child had asked questions. Moreover, the mean age of children whose parents had 
spoken to them, ranged from M = 42 months (single conversation), to M = 59.10 months 
(more than 11 conversations), indicating that children between 3 and 5 asked questions about 
death. Unfortunately, those parents who reported that they had never spoken to their child 
about death or dying were not asked to report whether their child had ever asked questions, 
making it difficult to compare the study’s findings to those of the earlier studies, or to 
determine whether children whose parents who had not spoken to their child about death had 
had not asked questions about death and dying. The authors highlighted the need for future 
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studies to examine children’s questions, as well as parents’ responses to such questions, in 
greater detail in order to better understand the role of parent-child communication in the 
development of a mature understanding of death.  
As part of a large ethnographic study conducted in a Mid-Western American town, 
Gutierrez et al. (2014) sought to explore children’s questions about death in greater detail. 
They asked 71 American parents to report any questions their 3- to 6-year-old children had 
asked about death. The majority (83%) of parents reported that their child had asked 
questions about death in general, with 60% of parents also providing questions their children 
had asked in response to a death in the media (for example The Lion King, Charlotte’s Web). 
Only 17% of the parents said that their child had never asked any questions about death.  
These findings are consistent with those reported by both Renaud et al. (2015) and 
Nguyen and Rosengren (2004), suggesting that children frequently ask about death from 3-4 
years of age. It should be noted however, that these findings may reflect a sample bias, as the 
majority of participants in all three of these studies also reported that their child had 
experienced a death. It would be of interest to explore whether parents’ retrospective reports 
of their children’s interest (demonstrated through questions) reflect children’s views. 
Furthermore, it would be of great interest to explore Vianello and Lucamante’s (1988) 
suggestion that parents may find it difficult create an environment which is conducive to 
children asking questions about death, or whether parents who are more open to discussing 
death, forced to discuss due to a personal death, or those who are reluctant to discuss or who 
believe in shielding their child have different perceptions of their child’s interest in learning 
about death and dying.  In other words, do parents who believe children are incapable of not 
ready to learn about death refuse to acknowledge their children’s questions about death, and 
vice versa, or do they create a family environment where children do not ask as many 
questions?  
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As well as asking whether children had asked questions about death, Gutierrez et al. 
(2014) and Rosengren et al. (2014a), sought to explore these questions in greater detail. 
Overall, the parents reported 92 general questions about death, and a further 73 questions 
relating to a death in the media (books, television, etc.). Overall, these questions could be 
categorised as being either affective, or relating to the sub-concepts of death: finality, 
universality, non-corporeal existence, cessation, and causality. Of the questions asked in 
relation to the media portrayal of death, 53.4% related to the affective dimensions of death, 
such as grieving, sadness, etc. The majority of questions (n = 126) were concerned with the 
various sub-concepts of death, with causality making up the majority of questions (40%). 
Close to a quarter of children (24%) asked about the finality of death, with questions focusing 
primarily on whether death was reversible. The cessation of bodily functions made up 18% of 
all questions, with approximately half addressing the issue in general terms, and the 
remaining half focussing on specific functions. Approximately 13% of questions related to 
the universality of death, with children asking about their own or others’ mortality, and the 
timing of their own or parents’ deaths (for example “when will you die?”). Only 5% of 
questions related to life after death (for example, “Do we eat in heaven?”). These findings are 
interesting, considering that parents provided responses relating to the continuation of life 
after death to 31% of their children’s questions.  
What do children want? 
While the majority of research exploring children’s death education and conversations 
about death have been conducted with parents, educators and adult recollections; a few 
studies have sought to explore children’s views on death education. Research conducted in 
schools have revealed that the majority of children and adolescents express a positive attitude 
towards learning more about death, with the desire for more information a consistent theme 
across studies. For example, Jackson and Colwell (2001) asked 250 14 – 15-year-old students 
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from a UK school to complete an anonymous questionnaire on their opinions about death 
education. The questionnaire revealed several interesting trends. Firstly, contrary to many 
parents’ opinions, 62% of teenagers agreed that it is better to talk about death than to avoid it. 
Furthermore, 65% of students expressed the wish that death education had been provided in 
primary school. Interestingly, 58% of students expressed a desire to know more about death, 
suggesting that even teenagers feel that they require more knowledge. Finally, students most 
frequently (68%) agreed that technical and medical information should be provided when 
teaching about death. This final view is consistent with Irizarry’s (1992) finding that 55% of 
Australian 8-12-year-olds who had experienced the death of a grandparent desired more 
information. In particular, 55% of children wanted different information that their parents had 
provided, in particular “more details, more graphic explanations of the cause of death, the 
effects of the illness, the moment of death, etc.”.  
While many parents claim that their explanations include causes of death (when 
known; Gutierrez et al., 2014; Miller et al., 2014; Renaud et al., 2013; 2015) this is the one 
piece of information children are most likely to ask about, or wish they were provided with in 
retrospect (Irizarry, 1992; Jackson & Colwell, 2001). For instance, Irizarry (1992, p.45) 
includes two examples of children expressing their desire for more causal information. One 
8-year-old told her, “I want to know how he died. People were too sad to tell me”, while 
another 10-year-old girl outlined a number of areas she desired more information about: “I 
want to know: What did he die of, where did he die, how long ago did he die, how was he 
cremated, why was I not allowed to see him dead, what did he look like when he was dead, 
did he go blue?”  
Coincidentally, causality of death is also the sub-concept that is mastered latest in 
development. This may mean that parents’ causal explanations are not sufficiently 
informative, may be pitched at the wrong level for children to absorb, or may be confused by 
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parents’ emotional reassurances. Furthermore, it appears that parents are not aware of this 
confusion or assume that they have provided sufficient information to address their child’s 
concerns. Irizarry (1992) found that many of the parents of the children who had experienced 
a death of a grandparent were surprised to learn that their child was confused or wanted more 
information about their grandparents’ death, believing they had provided sufficient 
information. She asked both parents to answer 27 of the interview questions provided to the 
children from the perspective of their child to see how accurate parents’ perceptions of their 
child’s understanding and thoughts of the death were.  Of the 19 families who participated, 
only seven agreed, with the remaining families containing at least one parent who did not 
agree with their child’s responses. As such, a substantial number of parents were unaware of 
their child’s thoughts and feelings about the death, with many unaware that their child had 
remaining questions about the death, or what those questions might be. Most notably, many 
of the parents believed that their child had someone in the family with whom they could talk 
about death. The consequences of such misunderstandings, and how children make sense of 
death in the absence of sufficient information is discussed in Chapter 3, and highlights the 
importance of providing children with an environment where they feel comfortable asking 
questions about death and dying in order to address their own confusion or concerns, and to 
develop a mature and healthy understanding of death as a natural biological process.  
Considerations and Further Directions 
It should be recognised that the true proportion of parents who do talk to their 
children about death, and the subsequent impact that this communication may have on their 
child’s death understanding, may be overestimated in the research literature. It seems likely 
that parents who are more open to the idea of speaking about death with their children are 
also more likely to agree to participate in studies. Additionally, the results of Ngugen and 
Rosengren (2004) and Miller et al.’s studies may not accurately reflect the wider population’s 
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comfort with the topic of death, given the nature of the studies and demographic 
characteristics of many of the parents participating.  
When interviewing high school students, Stillion and Wass (1982; cited by Crase & 
Crase, 1982) found that 40% of American teenagers reported that death had been never or 
rarely been discussed at home when they were younger, while a further 26% reported that it 
had only been discussed when “absolutely necessary”. This is in stark comparison to the 
findings of Renaud et al. (2015) who found that 75% of Canadian parents with children 
between the age of 3 and 6 years had spoken at least once to their child about death. 
Methodological and operational issues with existing research 
To date only a handful of studies have explored parents’ communication about death 
in any detail, with even fewer exploring how parents actually communicate, or how parents’ 
communication styles may influence their children’s developing death concepts. Of those 
studies that have tried to conceptualise parental communication in a way that can be 
measured, there is no clear consensus on how to operationalise parents’ communication or 
how to measure it.  
One of the first studies to explore parental communication with their children about 
death, particularly with healthy children, was conducted by Portz (1964). He considered 
parents’ approaches to talking about death with children, and parents’ attitudes and reactions 
towards their children’s curiosity about death, as part of a larger PhD project examining 
children’s understanding of death. Parents communication was operationalised in terms of 
their approach towards communication about death. Parents communication approach was 
rated in two ways: how parents explained death to their children and the parents’ attitudes or 
style of response to children’s questions about death. Parents Response styles or attitudes 
towards answering children’s questions about death were categorised as being either avoidant 
or non-avoidant. This was based on parents’ reported conversations throughout the interview.  
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Parents’ explanations were operationalised in relation to how parents explained the meaning 
of “death, its causes, and mans destiny after death” (p. 37). As such, parents’ explanations 
were scored as falling into one of four categories: a) no explanation or information provided, 
b) natural or biological information only (for example the body decays in the grave), religious 
explanations only (e.g., the dead go to be with God), or a combination of both religious and 
biological information.  
Following on from this study, McNeil (1983) developed a method to analyse the style 
and content of mothers’ communication about death in healthy children, particularly in 
response to children’s questions. Parents’ communication was assessed in relation to two 
aspects of their communication: response style and content. Initial pilot testing was 
conducted with 100 mothers to identify key content categories and response styles. Raters 
analysed the content of parents’ responses and identified six categories of explanations (i.e. 
factual, religious, philosophical, affective, fantasy, or irrelevant/ avoidant). However, McNeil 
only noted that the mothers’ individual responses varied across situations and would 
inconsistently fall into one of these categories and did not clarify whether these responses 
were considered to vary in “quality” of response types. Greater emphasis was placed on 
mother’s style of response to children’s questions and emotional reactions to death. Parents’ 
styles of response were classified on two dimensions: 1) how parents perceive their child’s 
questions (open/ honest versus closed/ avoidant or anxious), and 2) the parents emotional or 
affective response to the child (warm/ emotional versus cool/ logical). As such, parents’ 
responses to the questions could be classified into one of five categories (i.e., open-warm, 
open-cool, closed-warm, closed-cool, and mixed; see McNeil, 1983 for more information).  
McNeil considered the affective state of the child when asking questions as an 
important factor in how parents respond, and as such incorporated situational contexts and 
children’s emotional reactions into the assessment. Participants were provided with a set of 8 
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brief tape-recorded situations, in which a child actor asks two questions about death with 
different emotional reactions (curiosity, fear, anger, and fantasy). For example: “Narrator: 
One night at bedtime, as he is being tucked in for the night, your 6-year-old son suddenly 
asks you, Child’s voice: Are you going to die?” Participants are asked to respond 
spontaneously to each situation just as they might if they were responding to their own child.  
Some criticisms have been made of McNeil’s methodology. For example, Richardson 
et al. (1998) raise concern with the content of the questions presented to mothers, noting that 
these were questions that McNeil had remembered her own children had asked her. They 
raise concern that there was no attempt to collect these questions from other children or their 
parents; and as such it is not clear how truly representative the questions were. Furthermore, 
response styles were not rated in terms of the quality or appropriateness of responses, making 
the measure difficult to interpret in relation to the “quality” of parents’ responses. The limited 
number of questions are also a matter of concern, as they restrict the possible responses, and 
make it difficult to compare to children’s understanding of death.  
More recently, two scales have been developed in an attempt to better measure parents 
communication about death and dying in a more theoretically driven manner. Both measures 
were developed in an attempt to assess the effectiveness of parents’ communication about 
death and dying by drawing on the recommendations and observations of bereavement 
experts, developmental psychologists, and grief counsellors working with children. While 
both methods approached the development of a measure from the same standpoint, their 
approach to measurement and scoring differ. We will outline these two approaches in turn. 
Children’s Questions about Death Scale 
Richardson & Baker (1996; c.f. Richardson & Weinfurt, 1997) designed the 
Children’s Questions About Death Scale (CQADS) to measure the effectiveness of parents’ 
responses to questions about death that children are likely to ask. In order to make the scale 
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as representative as possible, the scale was developed in two stages. A sample of 116 mothers 
were first asked to complete a one-page questionnaire about the questions their children had 
asked them about death, generating a pool of 237 questions that children had asked these 
mothers about death. Two researchers with expertise in the area of communicating with 
children about death, were asked to develop a criterion for selecting items, based on these 
questions, to be used in the measure. They identified four categories for classifying the 
questions:  
1. Essence: reflect the child’s curiosity about what dead/death is. (e.g. “What does it 
mean to be dead?’ “What do dead people do?’ “What happens to the body?’).  
2. Intentionality: reflect a child’s search for meaning and purpose regarding death, and 
includes those questions that are asking “why?” (for example, “Why do people die?” 
“Why does everything have to die?’).  
3. Loss of Relationship: focus on concern about actual or prospective loss of 
relationships through death. Examples are: “Is Betty going to die?‘ “Mom, when will 
you die?’ “Mom. if you die, what will happen to us?’ 
4. Self-oriented: includes the most direct examples of self-concern. Examples are: 
“Will I die?” “When I grow up and get old, will I die?’ “I don’t want to die.” “Am I 
going to die?” 
Three psychologists with extensive experience working with children were asked to 
classify each of the questions into one of the four categories. They agreed on the 
categorization of 119 questions. After removing questions posed by children aged 8 and over 
(as these children are expected to have a mature or nearly mature understanding of death), the 
eight most frequently-asked questions from each of the four categories were then selected to 
be used in the version of the CQADS to be pilot tested.   
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The scoring criteria for the CQADS were developed from the literature on 
communication about death, so that responses were rated on the basis of what much of the 
literature suggests is an effective versus a less effective response to a child’s questions about 
death. Based on previous work about responding to children’s questions about death, four 
response domains were identified to be used as part of the rating guidelines. These four 
domains include: causality (in particular, warnings regarding two explanations about death 
that could pose a problem for a child unless fully explained), teachable moments, theology 
(religion, spirituality, or faith), and miscellaneous (for example: straightforward, honest, 
accurate, simple explanations are recommended. Deceit, half-truths, and subterfuge are to be 
avoided. Honest admission that you may not know an answer).  
Operationally defined scoring criteria were developed for rating responses across each 
domain using a 5-point Likert-type scale: 1 = not at all effective, 2 = somewhat ineffective, 3 
= neither effective nor ineffective, 4 = somewhat effective, 5 = very effective. Definitions and 
examples of each of these 5 scale points were compiled and guidelines for rating each of the 
four domains are provided by the authors (see for example Richardson et al., 1998). 
The 32 items were pilot tested with 10 mothers of children between 2 and 7 years old, 
with a representative set of items for each of the four categories which demonstrated adequate 
response variability and inter-rater agreement being selected for the final scale.  
The final scale developed by Richardson et al. consists of 16 audiotaped questions 
about death read by child actors between 5 and 6 years of age. The number and gender of 
child actors used has differed by studies, with Richardson and colleagues (1998) employing 8 
children of equal gender representation, while Hunter and Smith (2008) did not indicate the 
exact number of actors they used for their recordings.  After each question is asked, 
participants have two minutes in which to write exactly what they would say in response to 
the child’s question. They are also asked to respond as if they were the child actor’s parent. 
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The responses to each question are then scored in accordance with the provided guidelines 
from 1 to 5 based on the effectiveness of the response. Parental openness/effectiveness is 
operationalized as the mother’s total score on the CQADS, which can range from 16 to 80, 
with higher scores reflecting more effective communication. 
The reliability of the CQADS was tested using a pilot test with 17 mothers. The 
CQADS demonstrated excellent test-retest reliability of 𝑝𝑝 =  .95,𝑝𝑝 <  .05 over a one-week 
period. Furthermore, interrater reliability between three raters was good, with interclass 
correlations of their level of agreement reported as “greater than .80” (Richardson et al., 
1998, p. 354).  
The use of specific questions allows researchers to provide parents with realistic 
hypothetical scenarios that they themselves may have already encountered, increasing the 
accuracy of the parent’s responses. Furthermore, by using child actors, the parents are primed 
to respond in a manner that they would consider appropriate for a young child. Such 
questions written down or asked by an adult interviewer may not elicit the same emotional 
response that hearing questions from a young child may evoke in parents, particularly those 
who may hold a protectionist folk-theory regarding children and death.  
However, despite the theoretical soundness and good psychometric properties, the 
CQADS does have some issues. Namely, parents are expected to respond to actors’ questions 
about death, which are not necessarily representative of the type of questions or conversations 
they may have with their own child. Furthermore, how a parent responds to the audiotape 
may not accurately reflect their response to their own child in a particular circumstance. 
There is also some concern about using a child representing a single age, aimed to reflect the 
parent’s own child, and not assessing how parents would have responded at earlier or later 
ages which can provide insight on how parents may differ in their approaches according to 
their child’s age.   
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Additional concerns have been raised about the measure being designed to assess how 
parents respond to their children’s questions about death but does not consider how they feel 
about such conversations, nor how they themselves may broach the subject with their child. 
Additionally, it is relatively contextual, responses are rated in relation to specific questions, 
not on the parent’s general approach to answering questions or talking about death. Finally, 
some concern has been raised regarding the expository nature of the responses, requiring 
parents to provide an explanation rather than reflecting a dialogue (Richardson et al., 1998).  
Communication about Death and Dying Questionnaire 
The Communication on Death and Dying Questionnaire (CDDQ) was designed and 
created by Matalon (2000) to assess parents’ communication with their children about death. 
As with the previous scale, the questionnaire was developed by drawing upon the work of 
Grollman (1991) and other psychologists working in the area of children and bereavement. 
However, the CQQD aims to assess parents’ approach and feelings about talking about death 
more generally, rather than in relation to specific situations. 
Based on the literature a set of recommendations for talking about death with children 
were compiled, as well as several testable assumptions about how parents feel when talking 
with their children about death. These recommendations and assumptions were transformed 
into statements to be responded to by parents using a Likert scale format. Face validity of 
each of these statements was judged by 2 parents, 2 teachers, 1 child psychologist, 2 rabbis, 
and 1 psychologist who was an expert on scale construction. The questions chosen to be used 
in the questionnaire were those that the judges rated as clear and relevant to the topic under 
investigation.  
The questionnaire originally consisted of 20 items, some reverse coded to decrease 
response bias, consisting of statements about talking to children about death. A pilot study to 
obtain psychometric data was conducted with a sample of 19 parents with children aged 
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between 7 and 9 years. Internal consistency was average at 𝛼𝛼 = .56. One item was found to 
have low response variability and was removed from the set, resulting in an improved 
internal consistency of  𝛼𝛼 = .67. Additional questions were identified as having very low 
correlations with the total communication score during the subsequent study conducted by 
Matalon, and as such were omitted from the questionnaire. As such, the final questionnaire 
consists of 16 items with a decent degree of reliability (𝛼𝛼 = .71). 
Responses are given on a five-point Likert scale with a range of responses: “always” 
(1), “often” (2), “sometimes” (3), “rarely” (4), and “never” (5). The overall parent 
communication score is calculated by summing the individual scores for each item, resulting 
in a score that falls between 16 and 80, with lower scores on the original scales reflecting 
better communication.  
The CDDQ is a more general, global measure of parental communication, aiming to 
assess parents’ attitudes, feelings, and approach to communicating about death with their 
children. The questionnaire provides a broader picture of parents’ approach to talking about 
death, and their willingness to encourage experiences relating to death. Furthermore, it 
reflects the recommendations made by bereavement experts, such as Grollman (1991), for 
effective and healthy communication, and as such provides a clear picture of the effectiveness 
of the parents’ communication from a clinical standpoint.   
However, it should be acknowledged that whilst providing an overview of parents’ 
communication style, it does not provide researchers with information about what parents 
actually say to their children, nor whether parents’ responses are developmentally 
appropriate. The questionnaire also relies on parents self-reported attitudes, which may not 
necessarily reflect their true communication style or openness to communication. Finally, 
responses are relatively subjective. What one parent may consider an occasional occurrence; 
another parent may rate as occurring often. This could make accurate comparisons difficult.  
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Overall, both of these measures have been developed according to strong empirical 
and expert advice. Psychometric testing has been relatively positive, with both measures 
demonstrating good reliability and face validity. However, as we have seen both measures 
have only been used a limited number of times with restricted samples. Ultimately, each 
measure provides the researcher with insights into different aspects of parents’ approach to 
communication and discussing death with their children, and the choice of which measure is 
preferable is dependent on the goal of the researcher. For instance, the CQADS would 
provide a better insight into what parents say and how this may directly impact on children’s 
sub-concept development. On the other hand, the CDDQ provides a general overview of 
parents’ attitudes, current approach, and feelings about talking with their children about 
death. Such a measure is particularly useful for comparing children’s overall understanding of 
death, the effects of parental comfort and anxiety, and possibly even how parental 
communication relates to children’s anxieties surrounding death.  
Future directions 
As we have highlighted, research has confirmed that parental communication does 
have an influence on children’s understanding of death and can extend to the child’s own 
communication patterns in adulthood. However, more research is needed to explore the 
factors which influence parents’ communication, what they say to children, and how this may 
influence their understanding.  
In order to study parental communication more effectively, a more reliable and valid 
measure of communication is needed. Ideally, a combination of both measures, or the 
adaptation of the existing measures with insights gleaned from recent studies exploring 
parents’ actual conversations (for example Renaud et al., 2015 and Gutierrez et al., 2014), 
would provide the most holistic measure of parents’ feelings, attitudes and actual approaches 
to communicating with their children about death.  
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In addition, including parents from various backgrounds and beliefs, and ensuring that 
all parents provide responses, even if they themselves have not yet engaged in any 
conversations about death, are needed to gain a truly representative understanding of parental 
communication and the factors which influence parents.  
Ideally, future research should endeavour to explore parental communication about 
death in realistic settings (i.e. museums, graveyards, biology exhibits) or in controlled, 
realistic settings similar to that conducted by Renaud (2013). Identifying how these 
conversations influence children’s death concepts would enable researchers to better explore 
what types of information have the strongest influence on children’s actual death 
understanding, and what content predominates in parental conversations.  
While it is clear that developmental researchers are endeavouring to better understand 
what parents say to their children, and how this fosters their children’s conceptual 
development; this research is still relatively limited. However, what little research does 
currently exist suggests that parents play an important role in their child’s feelings, attitudes, 
and conceptualisation  of death, and that there is a growing need to understand what factors 
influence parents’ own approach to communication if we are to better understand how their 
children come to understand death. 
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Chapter 6: Aims and Methodology 
The overarching research aim of this PhD is to identify factors which influence the 
development of children’s biological concepts. To accomplish this, we will first evaluate 
associations with personal factors that can be measured or characterised for all children, 
including everyday experiences with nature and biological phenomena, religiosity and 
socioeconomic status. This is accomplished in Chapter 7. Then in Chapter 8, we explicitly 
compare biological understanding of children living on farms to those living in cities.  We 
evaluate rearing location as a separate and unique predictor of biological knowledge, firstly 
because many of the individual variables used in Chapter 7 co-vary with rearing environment, 
and secondly because the overall experience of farm versus city life may have a holistic 
influence on children’s biological understanding, over and above the effects of individual 
difference factors.  Finally, in Chapter 9 we evaluate the role of parental communication in 
children’s emerging understanding about death and dying. 
As such, this project aims to: 
1. Explore whether and how informal experience with nature, birth and death through to 
daily activities and significant life experiences, and other individual differences, relate to 
the development of children’s developing naïve theories of biology, in particular the 
concepts of death and ecological reasoning; 
2. Determine whether differences in general biological knowledge, and death understanding 
in particular, exist between children living on farms and children raised in urban or 
suburban communities in Australia; and  
3. Examine the nature of parental communication about death, how this may differ between 
farm-based families and urban or suburban families, how parental communication relates 
to the child’s understanding of death, and what factors contribute to parents’ 
communication efficacy. 
CHILDREN’S BIOLOGICAL CONCEPTS 120 
To address these goals, we present three studies that combine to contribute to the 
existing literature on children’s biological concepts, in particular death, and parental 
communication about death. These studies seek to provide a more holistic understanding of 
how children’s biological concepts develop as part of their naïve biological understanding by 
exploring both developmental and experiential influences. We begin with an exploratory 
study designed to identify factors which contribute to young children’s developing biological 
understanding. Study 1 explores the ecological, individual, and experiential factors which 
influence the development of children’s biological concepts, and the order in which children 
acquire the sub-concepts of death.  
Study 2 explicitly compares farm and city children’s ecological reasoning, death 
understanding, and formal science knowledge. In order to fully understand how these 
populations differ in their development of biological concepts we also evaluate the rate and 
order in which children acquire each sub-concept leading to a mature death concept.  
The third study seeks to explore the nature of parental communication about death in 
greater detail to evaluate: whether farm and city parents differ in their communication, the 
relationship between children’s death understanding and parents’ communication, and factors 
which influence how effectively parents communicate. 
Overall, these three studies contribute to our overall understanding of how young 
children’s biological understanding develops by applying our overarching understanding of 
children’s naïve biology to how children develop their informal and formal biological 
knowledge. Furthermore, this thesis provides a novel comparison of children living in cities 
to children living on farms.  
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Methodology 
Data contributing to the three studies in this thesis was collected simultaneously as a 
single multi-pronged project. As such, the information presented here relates to all three 
empirical chapters; with any variations in participant numbers and demographic reported at 
the start of the relevant chapter. While the number of participants included in the analyses 
varies according to valid data, examination of the various samples reveals that demographic 
characteristics of all subsamples reflect those of the main sample.  
Participants 
A total of 152 children participated in the project.  Approximately half of these were 
living in urban and suburban environments and the rest were growing up on farms in rural 
Queensland.  
For some analyses children were grouped into four age groups. These groups consisted 
of 4-year-olds (3.11 – 4.11 years; 19 farm; kindergarten), 5-year-olds (5.0 – 5.11 years; 15 
farm; kindergarten and Grade 1), 6-year-olds (6.0 – 6.11 years; 13 farm; Grades 1 and 2) and 
7- and 8-year-olds (7.0 – 8.11 years; 36 farm; Grades 2 - 4). Demographic information 
regarding the age groups for the main sample can be seen in Table 6.1. Examination of the 
mean age and standard deviations for the age groups in the city and farm groups revealed that 
these sub-groups did not differ significantly to the main sample.  
Table 6.1 
Children’s Mean Age and Ranges (in months) across Age Groups 
Age n M  SD 95% CI 
4 years 46 54.28 3.46 53.26, 55.31 
5 years  33 64.94 3.21 63.80, 66.08 
6 years  25 77.76 3.13 76.47, 79.05 
7 and 8 years  36 93.71 6.55 91.81, 95.61 
Note: CI – Confidence Interval 
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Previous research exploring children’s biological concepts has primarily compared 
children’s conceptual development according to their age in years. As such, we decided to 
compare children according to their developmental ages, rather than according to school 
grade. However, due to differences in accessing children across the ages, the sample sizes for 
city and farm children differed significantly for children aged 7 and 8. As such, the number of 
7- and 8-year-olds in the city group was considered too small to include separately. Therefore, 
we decided to combine the 7- and 8-year-olds into a single age group for the initial analyses. 
Where significant age effects are detected, follow-up analyses for the separate ages were 
conducted to determine whether significant findings were due to the combination of the two 
age groups. Where necessary, the results of these analyses are reported.  
As we did not include a question to assess children’s actual school grade, any attempt 
to group children by grade would be based on assumptions due to Queensland Education’s 
requirements for when students can begin school and parental decisions about whether their 
child is ready to begin schooling. However, in general the Department of Education requires 
children born before the start of July to begin school when they turn five years old 
(Queensland Government, Department of Education, 2019).  As a result, we must note that 
the scores for each group represents the mean level of knowledge acquired over two years of 
schooling, and as such should be viewed with that in mind.  
Urban/suburban children.  
Sixty-nine children living in suburban or urban areas were recruited through the 
University of Queensland’s advancement newsletter and a database of families compiled by 
the University of Queensland’s Early Cognitive Development Center. Parents with children 
between the ages of 4 and 8 years were invited to take part in the study, with an aim to recruit 
children from each age group. There were 34 males and 35 females, with a mean age of 67.8 
months (SD = 15.04 months, range = 3 years, 11 months – 8 years, 11 months). All 
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participating families within a 35 kilometre radius of Brisbane, Queensland, Australia. The 
majority of children in the sample were Caucasian and English was their first language 
(92.6%). The remaining families identified as East or South-East Asian, with these children 
speaking English as their primary language. The majority of city families identified as middle 
class (81.16%), with the remaining families identifying as lower or working class (15.9%), 
with two parents choosing not to indicate their socio-economic status.  Most parents had 
obtained a Bachelor’s degree or higher (78.3%), with the remaining parents having finished 
year 10 or 12 (8.7%) or holding a trade certificate or diploma (13%). Two children were 
reported as being on the Autism Spectrum by their parents; these high functioning children 
were not excluded from the study and were not outliers on any measures.  
Farm children. 
A total of 83 children living on farms were recruited from numerous sources. These 
included personal contacts, Facebook advertisement, and at several rural events specifically 
catering for farming families (for example, Rockhampton Beef Week, gymkhanas, and the 
Rockhampton Show). Parents with children between the ages of 4 and 8 years were invited to 
take part in the study, with an aim to recruit children from each age group. There were 42 
males and 41 females, with a mean age of 77.16 months (SD = 17.06 months, range = 4 years 
– 8 years, 11 months). All of the farm children in the sample were Caucasian and English was 
their first language. All participating families either lived or worked on farms in Central or 
South-East Queensland, Australia. For the purpose of this study, we adhere to the Australian 
Bureau of Statistics (ABS; 2012) definition of farm families as “families who live on 
properties where livestock or crops are grown, and where one or both parents identify as a 
farmer or farm manager”.  The majority of parents were between 26 and 45 years (84.1%), 
with approximately half of parents holding a trade certificate or diploma (51.5%), while the 
remaining parents had finished year 10 or 12 (31.3%) or held a bachelor’s degree or higher 
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(27.2%). The majority of families identified as middle class (75.71%), with the remaining 
families identifying as lower or working class (12.86%). However, several parents chose not 
to respond to this question (11.43%).  Thirteen parents failed to complete their questionnaires, 
but their partial data and their children’s data were retained for analysis.  
Instruments 
In order to assess a variety of variables, both parents and children took part in the 
study. All parents completed a self-report questionnaire which was available in both a pen/ 
paper and online version for convenience. All children participated in a face-to-face 
interview, consisting of three tests to assess biological knowledge.   
Parent report 
Parents were asked to complete a self-report questionnaire consisting of three 
sections: demographic information, children’s experiences, and communication about death 
and dying. The questionnaire was available in both pen/ paper copies, with an online version 
made available for parents who were unable to complete the questionnaire at the time of their 
child’s testing. This online version was identical in all aspects to the pen and paper version. 
The overall questionnaire consisted of 55 items, consisting of 19 demographic questions, 20 
experiences questions, and 16 communication questions. In general, parents took between 15 
– 20 minutes to complete the questionnaire, with most parents completing it while their 
children were tested.  
Parents with more than one child participating completed a shortened version of the 
questionnaire for subsequent children. This shortened version only differed in respect to the 
initial questionnaire, with family specific demographic information which would remain the 
same across all children being omitted. This version consisted of 45 items and took 
approximately 10-15 minutes to complete. 
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Demographic questions were presented first as DeVaus (2002) recommends that 
questionnaires should begin with easy, factual questions and end with the more difficult, 
abstract questions. Therefore, this instrument was presented first, followed by the questions 
about children’s experiences with life cycles, nature and death. This also served to prime 
parents to recall situations that may have required them to talk about death with their 
children, as several of the questions relate to experiences where death could be discussed 
(e.g. seeing a dead animal, death of a pet, personal death, natural disasters, etc.). 
Demographic Questions  
The demographic questionnaire is a self-report questionnaire, which consists of 19 
items designed to assess a variety of demographic variables and individual differences. The 
questionnaire contains two sections: a) general demographic information, such as parental 
age, socioeconomic status, religion etc.; and b) domain specific information such as whether 
they live on a farm, whether death education has been provided at the child’s school, etc. The 
questionnaire was designed such that it can be completed using pen and paper, or online. 
Parents with more than one child participating completed a shortened version of the 
questionnaire for subsequent children. This shortened version consisted of 10 items, and 
omitted family specific demographic information, and primarily consisted of the domain 
specific section, where questions were more likely to vary by child (for example, “do they 
have any younger siblings?”, “are they aware of farm duties?”, “do they take part in farm 
duties?”).  
The demographic questions were carefully chosen to ensure that all important 
covariates were considered. Social surveys used recently in Australia (Australian Survey of 
Social Attitudes and the World Values Survey; Blunsdon, 2012; McAllister & Pietsch, 2012) 
were consulted as a basis for questions wording and response sets for many of the 
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demographic questions, particularly in relation to level of education, religious beliefs, 
ethnicity and social class.  
Several additional questions based on previous research findings (see for example 
Tarlowski, 2006; Williams & Smith, 2010) in the areas of death understanding and biological 
concepts were also included. These questions sought to determine whether any death 
education had taken place at the child’s school, whether participating children had younger 
siblings, and whether parental occupation related to the areas of interest. Farm related 
questions and degree of involvement in farm-based duties were also included.  The complete 
demographic questionnaire can be found in Appendix A. 
Religious Beliefs 
Our initial interest was to compare different religious beliefs or the strength of 
parents’ religiosity. However, during testing it became apparent that parents fell into two 
categories: non-religious or belonging to a Christian denomination. Furthermore, a number of 
parents reported that they and their partner differed in their beliefs and/ or the strength of 
these beliefs. Since we cannot infer whether children share their parents’ beliefs, or the 
degree of religious instruction they may have received, we decided to clearly delineate this 
variable and focus on parents’ religious beliefs. As a result, we decided to develop a new 
dichotomous variable of parents’ religious belief coded: 0 – not religious, and 1 – religious, 
with religious families including families where either one or both of the parents were 
religious.  
Daily Life Experiences Questionnaire 
The experiences questionnaire is a self-report questionnaire consisting of 20 questions 
designed to assess the type and frequency of experiences and activities that their children 
have taken part in or experienced. The overall questionnaire consists of four sections: 1) 
general informal experiences and activities that involve nature, the life-cycle or death; 2) 
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personal experiences with death; 3) experiences with illness; and 4) pet ownership and 
experiences. 
Considering that daily and life experiences form a strong component of this study, a 
comprehensive questionnaire was generated in order to cover the wide range of experiences 
that are likely to influence children’s biological concept formation. Given that only a few of 
the studies reviewed (for example Coley, 2012; Zhang et al., 2014) utilized any form of 
measurement of daily or life experiences with nature and death, a comprehensive experiences 
questionnaire was developed for this study. After careful consideration, the questionnaire was 
designed as a parent report, in order to reduce the possibility that some of the questions might 
distress young children. Previous research indicates that parents are generally highly aware of 
their children’s daily lives (particularly at this age; Nguyen & Rosengren, 2004) and as such 
are a reliable source for such information. Additionally, it enabled us to ask questions that 
could be difficult for children to understand. The complete Experiences questionnaire can be 
found in Appendix A. 
A list of all questions used in previous studies examining relations between children’s 
everyday experience and their concepts of biology, life and death, was first compiled as a 
foundation for the questionnaire. This list of questions was then extended, based on general 
knowledge and personal experience.  
Several variables were calculated from the measure including two subscales: the 
frequency of children’s informal experiences and activities of nature, and the number of death 
experiences. The details of these variables and how they were created are outlined below.  
Informal Encounters with Nature Scale  
A measure of the frequency of children’s informal experiences and activities of nature 
was constructed based on the first two questions of the questionnaire which assessed the 
frequency of children’s encounters with nature and the life-cycle. These two questions 
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include a variety of activities and experiences where children can directly or informally 
experience nature, death, and the life-cycle.  
The first question includes 15 specific experiences or encounters with nature which 
children may have experienced. Parents are asked to indicate how frequently their child had 
experienced each of these encounters (for example witnessed a birth and visiting a zoo, 
respectively), throughout their lifespan. Examples of such experiences include witnessing a 
natural disaster, visiting a zoo, attending a funeral, and planting a seed and watching it grow. 
We included 2 additional experiences related to other science or history experiences (museum 
and war memorial) as neutral items.  
The second question examines activities which children often engage in common 
activities that relate to nature, death, and the life cycle. Such activities include fishing, 
hunting, exploring rock pools, or nature hikes. Parents are asked to indicate how frequently 
their children engage in 7 specific activities in a given year.  
Both questions are scored on a 7-point Likert scale from lowest to highest frequency 
of occurrence in the given period: “Never” (1), “Once ever” (2), “Once a year” (3), “3 – 6 
times a year” (4), “Once a month” (5), “Once a week” (6), and “Daily” (7). The Informal 
Encounters with Nature Scale score is calculated by combining the individual scores for both 
questions, resulting in an overall score that falls between 22 – 154, with higher scores 
reflecting a greater number of experiences with/exposure to the natural world overall.  
Personal Death Experience 
Drawing from the literature, we decided to assess children’s personal experiences with 
four types of death which children may have personally experienced: close friends or 
relatives, close pets, extended family or friends who the child does not know well, and family 
pets that children were not close to. These items include both human and pet deaths and takes 
into account evidence indicating that the death of emotionally close Figures (pets and 
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humans) can have a greater impact than emotionally distant Figures (pets and humans). 
Parents were asked to indicate whether their child had experienced each type of death, and if 
so how many times this had occurred.  
A dichotomous variable of death experience was also created to identify children who 
had experienced at least one death of any type from children with no death experiences (the 
most common means of assessing death experience used by previous studies; e.g. Panagiotaki 
et al., 2018). Finally, the number of times the child had experienced a personal death was also 
combined to create an overall number of deaths experienced, as some research suggests that 
the frequency of death experiences is related to death concept formation.  
Pet experiences 
Children’s pet experiences were assessed with several questions relating to pet 
ownership.  Parents were asked to indicate whether their child currently owned, or had 
owned, a pet(s), the types of pets they own, and the number of pets they had owned. From 
this, a dichotomous variable of pet ownership was also created to identify children who 
owned a pet of any type from children with no pets.  
Communication on Death and Dying Questionnaire (CDDQ)  
The Communication on Death and Dying Questionnaire (CDDQ) is a 16-item self-
report questionnaire designed to assess parents’ communication with their children about 
death. This was specifically created by Matalon (2000) to measure effective communication 
about death with young children, as recommended by bereavement psychologists. The 
questionnaire was developed by drawing upon the work of Grollman (1991) and other 
psychologists working in the area of children and bereavement (Matalon, 2000). 
This was the most comprehensive and theoretically sound questionnaire examining 
parents’ communication with their children about death that was found during review of the 
literature. So far, only a handful of studies have empirically examined parental 
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communication on this topic and of these only two had developed a measure (Matalon, 2000; 
McNeil, 1983). Matalon reported good internal consistency with a Cronbach’s Alpha of α 
= .71 for the questionnaire. Initial pilot testing of the instrument with 21 farm (n = 10) and 
city (n = 11) children from within a 35 km radius of Brisbane City and the Central 
Queensland region, revealed an excellent internal consistency of α =. 85. 
CDDQ Scoring 
The questionnaire consists of 16 items, some reverse coded to decrease response bias, 
consisting of statements about talking to children about death. Responses are given on a five-
point Likert scale with a range of responses: “always” (5), “often” (4), “sometimes” (3), 
“rarely” (2), and “never” (1). One example of the questions from the CDDQ is: “I use 
euphemisms (for example: passed away, departed, perished, left us) when talking about the 
death of someone in the presence of my child.” The complete questionnaire can be found in 
Appendix A. The overall parent communication score is calculated by summing the 
individual scores for each item, resulting in a score that falls between 16 and 80, with higher 
scores reflecting better communication. 
Child Tests 
Children were assessed using an interview consisting of three measures designed to 
assess biological knowledge. Children were first administered the Triad Induction Task, 
followed by the Standard Death Interview, and finished with the Life Sciences Concept 
Questionnaire. In order to ensure that children did not feel overwhelmed by questions relating 
to death, the SDI was administered between the two biological concept measures. This way, 
children have the distraction of a biology-based measure before and after the standard death 
interview, which should decrease the impact of the death related questions. Because of the 
nature of the questions, we chose to start with the Triad induction task which was relatively 
easy and included picture which helped children warm to the interviewer.  
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Due to the age of the children being tested, and because we wished to elicit as a much 
information as possible, children were interviewed face-to-face by the primary researcher. In 
the majority of cases, this was done in person, with the final sample of 10 farm children being 
interviewed using video call sites Messenger, Skype, or Zoom. The overall interviews lasted 
between 15 and 30 minutes, depending on the child.  
Triad Induction Task 
The Triad Induction Task is a forced choice property projection task specifically 
designed to determine whether children were more inclined to project novel properties to 
living things based on taxonomical similarity or ecological reasoning. The task consisted of 
10 items, each containing a triad consisting of common Australian animals or plants likely to 
be encountered in Queensland. This task has been successfully used in several studies 
examining ecological reasoning in children as young as 4 and 5 years (Coley, 2012; Coley, 
Vitkin et al., 2005). During testing it became apparent that children were employing a third, 
unexpected reasoning strategy to the taxonomic or ecological categorisations when making 
their decisions about one of the triads. We decided to drop this item from the final analysis. 
As such only 9 items have been included in the final analysis.  
As mentioned in Chapters 1 and 2, Coley and colleagues (Coley, 2012; Coley, Vitkin 
et al., 2005; Ross et al., 2003) Coley and colleagues have demonstrated that when reasoning 
about shared properties, people with varying levels of experience with the subject matter (e.g. 
trees, nature, local fish) employ different reasoning strategies, with experts more likely to 
employ an ecological reasoning strategy when asked to make inferences about species which 
they are experts about. They have demonstrated that this expertise is also demonstrated by 
children living in rural areas, suggesting that these children develop their own domain-
specific expertise about their environments.   
CHILDREN’S BIOLOGICAL CONCEPTS 132 
By requiring children to choose between a taxonomically similar (similar appearance, 
shared features, same species class) or ecologically related species, Coley’s design enables 
researchers to determine whether children demonstrate a more sophisticated, domain specific 
reasoning strategy (ecological reasoning) rather than a more basic similarity-based reasoning 
strategy (taxonomic). This measure was considered a good way to assess children’s naive 
biological knowledge, as opposed to education based knowledge.  
Most researchers examining the effect of experience on children’s ecological 
reasoning have proposed the use of native, and local species when conducting induction tasks 
as it is more likely to tap into experiential based knowledge rather than knowledge acquired 
elsewhere (such as television, books, or zoo trips; Coley, et al., 2005). As such, only species 
that can be found in Queensland, and as such may be better known to young children, were 
included in this task. Ecological relations have generally been operationally defined as 
relations shared by two species, such as a shared or similar habitat, shared diet, and/ or 
predator-prey relations (Coley, 2012; Coley, Vitkin et al., 2005; Ross et al., 2003). In order to 
ensure that the children are able to make ecological reasoning based on personal experience, 
simple and easily known predator-prey, shared habitat and shared diet relations were chosen. 
The complete list of triads can be found in Appendix B. 
Materials: 
Participants are shown a series of 10 laminated cards, each depicting 3 real (or 
realistic) images of living things: one premise (base) species and two target species (see 
below for example).  
One target species is taxonomically similar to the premise species, but not 
ecologically related; while the other target species is ecologically related but comes from a 
different superordinate class (for example bird, reptile, mammal; see Coley, 2012 for a 
rationale behind the use of superordinate instead of base level classes). The position of the 
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taxonomically similar target species is counterbalanced across participants to control for 
order effects. Triads are presented in a book or presentation format for ease of transport and 
so that children can engage with the pictures without damaging the materials. Different 
nonsense diseases or properties are used for each triad but remain the same between 
conditions.   
 
Figure 6.1. Examples of two triads used in the Triad Induction Task. In example A, the 
premise species is the duck, while the taxonomic target species is the cockatoo 
(bird) and the ecological target species is the turtle (shared diet/ habitat). In 
example B the premise species is the carpet snake, while the taxonomic target is 
the cane toad (reptile), and the ecological target is the possum (prey). 
 
Participants are taught about a new property of the premise species and are then asked 
which of the two target species is more likely to share that property. These properties include 
a pseudo anatomical property and a hypothetical disease. Property type is randomly assigned 
across participants to control for property effects, with half of the participants learning about 
the novel property, and half learning about the disease. However, the script for both 
properties is virtually identical, with only the description of the property changing (see 
Appendix B). For example, children are shown the image in Figure 6.1, and asked, 
 “There is this disease called Higga. Lots of things can get Higga. Right now, some 
Ducks have Higga. So, do you think Turtles might get Higga like Ducks, or do you 
think Cockatoos might get Higga like Ducks?”  
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Scoring: 
For each item participants may choose to project a property to either the taxonomic or 
ecological target. Participants are assigned a score based on the relative frequency of 
ecological inferences made overall: with higher scores reflecting greater ecological 
reasoning. Scoring can range from 0 (exclusively taxonomic reasoning) to 9 (exclusively 
ecological reasoning).  
Standard Death Interview 
Children’s biological conceptualisation of death was assessed using the Standard 
Death Interview (SDI), which assesses children’s understanding of the five sub-concepts of 
death outlined in Chapter 1.  The SDI is an adapted version of Smilansky’s (1987; cited by 
Schonfeld & Smilansky, 1989) Death Concept Questionnaire (DCQ), which is a well-
established standardised measure of children’s death concept maturity. Although originally 
published in Hebrew, the DCQ has been translated into several languages (including English) 
and is the most extensively used standardised measure of children’s understanding of death to 
date (Bonoti et al., 2013; Cotton & Range, 1990; Lee et al., 2009; Schonfield & Smilansky, 
1989). It has been successfully used with children as young as 3 years 8 months (Slaughter & 
Lyons, 2003), and has been shown to have good psychometric properties (see for example 
Slaughter and Lyons, 2003). The version used in this study was adapted by Slaughter and 
Lyons (2003) for use in their study with Australian children, with no reported adverse effects.  
Recent studies have highlighted an important methodological issue relating to the 
cessation component of the SDI. Several recent studies have examined whether religious and 
biological understandings of death are mutually exclusive or coexistent. These studies have 
found that contrary to previous thought, religious and biological conceptions of death coexist 
in both children’s and adults’ minds (Bering & Bjorklund, 2004; Harris, 2011; Harris & 
Gimenez, 2005; Legare et al., 2012).    
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Several studies have demonstrated that children reason about irreversibility and the 
cessation of certain processes as a function of context (Harris, 2018; Harris & Gimenez, 
2005; Panagiotaki, Hopkins, et al., 2018; Rosengren, 2012). Rosengren and colleagues 
(2014a) recommend using purely biological processes rather than a combination of 
psychological, behavioural and biological processes when addressing the sub-concept of 
cessation. In order to accommodate these findings, for the current study the cessation 
question has been amended to include only biological functions. Five of Slaughter and 
Griffith’s original cessation items were retained, with one item (“do they have dreams?”) 
being omitted and replaced with an item used by Rosengren et al. (2014a) and Bering & 
Bjorklund (2004).  
Should any religious responses to the questions arise, or responses be ambiguous in 
nature, the interviewer would rephrase the question in relation to the “body in the ground” 
and not the person or animal’s spirit or soul. This should have the desired effect of the child 
displaying biological understanding when the context is specified as a biological one. A 
similar adjustment to context was also necessary on a few occasions during the irreversibility 
questions when issues of ghosts and zombies, doctors, and judgement day or coming back to 
life in heaven arose. The complete SDI questionnaire can be found in Appendix C. 
Scoring 
A score for each sub-concept is derived from the pattern of children’s answers to the 
questions of the death interview. These scores range from 0 to 2, with responses that 
demonstrate more sophisticated understanding of death being awarded higher scores. A total 
death understanding score is obtained by summing the children’s scores on the five 
subcomponents, yielding a total score out of 10.  
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Inter-rater Reliability  
Approximately 23% of children’s responses for the Standard Death Interview were 
coded independently in order to determine whether there was good inter-rater agreement. 
Cohen’s k was run to determine the interrater agreement of children’s death concepts and 
overall death understanding. As can be seen in Table 6.2, Cohen’s Kappas for each 
subcomponent were calculated, with most sub-concepts having near perfect agreement, and 
the remaining concepts showing moderate to strong reliability. In cases of disagreement, both 
raters consulted and consensus was reached. 
Table 6.2 
Inter-rater Reliability for Children’s Death Scores 
Concept ICC k 
Inevitability .943*** .928*** 
Applicability .988*** .947*** 
Irreversibility .888*** .910*** 
Causality .842*** .793*** 
Cessation .940*** .813*** 
Overall Death Concept .957*** .705*** 
Note: ICC – Intraclass Correlations, κ - Cohen’s Kappa 
*** p < .001 
Life Science Test  
The Life Science Concept Questionnaire consists of 24 distractor-driven multiple-
choice items designed to assess science knowledge covered in the first four years of school, 
with items varying in difficulty and representing content covered from kindergarten to Grade 
4. Each item contains 5 multiple choice answers, with one correct answer and at least one 
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distractor based on popular misconceptions identified in primary sciences (Sadler et al., 
2011).  
The Grades K-4 Life Sciences Test was developed by a team of scientists and 
educators as a means of assessing students’ conceptual understanding of life science concepts 
covered in American schools (Sadler et al., 2011). The test was specifically designed to assess 
the life science concepts outlined in the National Research Council’s (NRC) National Science 
Education Standards (NSES) which forms the basis of curriculum and evaluation frameworks 
in all 50 United States.  
The test assesses student’s understanding of each of the standards outlined in the 
NSES (an outline of which can be found in Appendix D) for children in Kindergarten to 
Grade 4. These standards closely resemble the science curriculum requirements for Australian 
students from prep to Grade 4 outlined in the Australian Curriculum (Queensland Curriculum 
and Assessment Authority, 2010).  
Internal consistency has previously been found to be moderate with Cronbach’s Alpha 
ranging from 𝛼𝛼 = .45 to 𝛼𝛼 = .85 (Sadler et al., 2011). All items have been validated by content 
experts for clarity and accuracy and have been reviewed by a reading level expert. 
Furthermore, the items were reviewed to ensure that each item was appropriate in relation to 
student level and comprehension.  
Although designed as a class-based assessment, this test was used in individual, face 
to face interviews with the researcher reading out the questions so as to compensate for 
reading ability. Children were told that they could ask for any or all of the questions and 
multiple-choice answers to be reread, and clarification was provided if a child did not 
understand a word or question. Questions were rearranged by difficulty, from easiest to most 
difficult (see Appendix 1), with participants continuing to answer questions until they had 
answered three questions incorrectly, indicating a ceiling of difficulty.  
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Early into testing with children living on farms, it became apparent that these children 
were conflicted when answering one of the questions: “When a cow is hungry, it is most 
likely to…”. Following prompting by the researcher as to the cause of their concern and 
confusion, determined that they thought that the question was a trick as the answer was 
“too obvious”. These children were reassured that the question was just an easy question, 
and all answered correctly. Future interviews with farm children changed the wording of 
the question to an open-ended question: “When a cow is hungry, what is it most likely to 
do?” Should a child wish to hear the multiple choice, then the multiple choices would be 
provided. This was only necessary on a few occasions, with most of the youngest 
children answering the open-ended question correctly.   
Scoring 
All answers are scored 0 or 1 depending on whether they are correct or incorrect. 
Overall life science scores are calculated by summing all correct responses, with a maximum 
score of 24 and minimum of 0.  
Procedure 
Once informed consent was obtained (See Appendix E), parents were provided with a 
self-report questionnaire to be completed during testing of their children. If parents were 
unable to complete the questionnaire during the interview, city parents were provided with a 
copy of the questionnaire and postage paid return envelope, to be completed in their own 
time. Farm parents who were unable to complete the questionnaire during the interview were 
emailed a link to an online version of the questionnaire to complete at home. Parents taking 
part via skype or messenger, completed a version of the questionnaire which also included a 
consent section.  
This questionnaire consisted of a set of demographic questions, an experiences 
questionnaire designed by the researcher for the current study, and a parental communication 
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about death questionnaire (CDDQ). Parental questionnaires took approximately 15 – 30 
minutes to complete, with parents with more than one child participating completing 
shortened versions of the questionnaire for subsequent children. These shortened versions 
collected only demographic information unique to the child, the experiences questionnaire, 
and CDDQ. 
Due to the age of the children being tested, and because we wished to elicit as a much 
information as possible, children were interviewed in person by the primary researcher at a 
location of convenience for the parents (often at home, in the ECDC testing rooms, or in a 
quiet area at the event being attended). Parents were invited to sit with their child if they 
wished but were asked not to help their child answer the questions. To ensure responses were 
accurately recorded and responses correctly coded, interviews with children were audio 
recorded, with the exception of one child who refused to be recorded.  
Prior to testing children were told that they may stop at any time, can withdraw from 
the study, and that they do not have to answer any questions if they do not want to.  The 
researcher emphasised that there are no “right or wrong” answers and that they are simply 
interested in finding out what the child knows. Consent was also obtained from the child prior 
to commencement of testing, and all children were asked if they were alright with being 
recorded.  
Children were first administered the Triad Induction Task, followed by the Standard 
Death Interview, and finished with the Life Sciences Concept Questionnaire.  The overall 
interview lasted between 15 and 30 minutes, depending on the child and extent of their life 
sciences knowledge. A script of the children’s interview, with the specific interview questions 
omitted, can be seen in Appendix F. 
In order to ensure that children do not feel overwhelmed by questions relating to 
death, the SDI was administered between the two biological concept measures. This way, 
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children have the distraction of a biology-based measure before and after the standard death 
interview, which should decrease the impact of the death related questions.   
Once the LSCQ had been completed, the researcher thanked the child for helping 
them and asked if they had any questions. If the child did not, they were thanked for their 
time and given a certificate for participating (as per ECDC procedure) and a small gift with a 
monetary value of no more than $6.  
Transcripts of the interviews were made verbatim in order for scoring and coding to 
be cross-checked for accuracy and for ease of review of the interviews. Inter-rater reliability 
was found to be moderate to strong (k = .71 - .95).  
Data Screening and Missing Values 
Several variables were found to have missing responses. These will be discussed first 
in relation to the main dependent variables and then individual demographic variables. The 
study sought to obtain information from both parents and children; in some cases while 
children completed the interview their parents failed to return their questionnaires or 
complete certain questions.  
Thirteen farm parents failed to return or complete the parental questionnaires, 
meaning that demographic, experiential and communication data could not be obtained for 
these cases. In these cases, children’s responses were included in the analysis where possible.  
While the majority of children completed the interview, there were some missing 
cases identified. In one case, an overall understanding of death was not calculated as the 
child’s responses were missing for one of the questions in the interview. No response could 
be obtained for the question of applicability due to distractions and the child not answering 
the question but talking about irrelevant matters, requiring the interviewer to move on to the 
next question. Additionally, due to a difference in the variables of interest used in the pilot 
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and main study, 21 children (farm: n = 11, city: n = 10) did not complete the formal science 
knowledge questionnaire.  
When calculating overall scores for the dependent and independent variables of 
parental communication and overall informal experiences, missing cases were substituted 
with the mean communication score for that individual where 1 or 2 missing cases were 
found. Where 3 or more missing cases existed, no overall score was calculated. As a result, 
14 parental communication scores and 16 informal experiences and activities scores were 
missing, with all missing cases belonging to farm parents. Missing cases for additional 
demographic variables can be seen in Table 6.3.  
Table 6.3 
Missing Cases for Demographic and Experiential Variables 
Variables City Farm Total 
Socioeconomic status 2 21 23 
Parental education 0 16 16 
Parents’ religious belief 2 18 20 
Belief in afterlife 4 15 19 
Pet ownership 0 13 13 
Number of pets 0 13 13 
Personal experiences of death 0 13 13 
Number of deaths 8 26 34 
Triad condition 12 10 22 
Due to the large number of missing responses, the number of participants included in 
the analyses in Studies 2 & 3 vary according to the variables being tested. As such, key 
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participant information for each of these analyses will be provided at the beginning of each of 
these empirical chapters.  
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Chapter 7: Influences on the development of children’s biological concepts 
As outlined in Chapters 1 to 3, research suggests that the development of children’s 
biological concepts can be influenced by sociocultural, environmental, and individual 
differences, such as family SES, religion, gender, age, and belief in an afterlife. Cognitive 
developmental theorists have sought to better understand how children’s biological concepts 
develop by exploring which conceptual development is universal, and which ones are 
influenced by sociocultural and individual experiences. As mentioned in Chapter 1, several 
biological concepts have been found to follow universal developmental patterns, yet the 
acquisition of such concepts can still be influenced by individual and experiential differences.  
Considering that children’s naïve biology develops prior to formal schooling as a 
result of informal experiences and social interactions, determining which factors may have an 
influence on children’s biological understanding will allow developmental researchers and 
educators to better understand children’s earliest concepts about biological phenomena, and 
whether these effects extend to formal learning. However, to date there is no consensus in the 
research as to which factors influence children’s biological concepts, nor the extent to which 
such factors may influence the development of different biological concepts. Furthermore, 
research exploring sociocultural influences such as SES, parental education, and religion is 
limited, suggesting the need for further research to better explore the influence of 
environmental or parental factors on children’s developing biological concepts, especially 
death, which is primarily developed through experiences at home rather than formal learning.  
There is currently a dearth of research exploring possible experiential factors which 
may play a role in fostering children’s death concepts.  The most common experience 
considered in the literature is children’s experience of death. Whilst researchers have 
examined children’s exposure to death in terms of mainstream events including loss of a 
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relative, pet or friend, attendance at funerals, etc., to date no research has examined other 
types of experiences which are likely to shape a child’s understanding of death.  
Chapter 1 discussed previous findings indicating that children’s contact with nature 
and animals, especially pets, has a strong influence on the development of various biological 
concepts, particularly children’s reasoning patterns. So far, no research has been conducted to 
determine whether contact with nature and animals also plays a role in children’s 
understanding of death – a biological concept that has been found to be strongly related to 
children’s understanding of the body and life. Given the findings of these studies, it is 
reasonable to assume that contact with nature and animals may influence the development of 
children’s death concepts as well. For example, children who spend more time in nature may 
encounter dead animals, birds or insects during their explorations, or may be more likely to 
be exposed to the different stages of the life-cycle. Presumably, such experiences would also 
contribute to the formation of a child’s concept of death, especially if combined with 
biological information relating to bodily functions, which research has shown is strongly 
linked to children’s understanding of death (Slaughter & Lyons, 2003; Zaitchik et al., 2014). 
Yet the influence of such experience remains unexplored. 
In this chapter we explore whether any individual experiences contribute to children’s 
biological concepts, irrespective of location. Because rearing location was found to covary 
with many of the experiences being explored, this personal factor was not included in the 
exploratory analyses. Instead we will explore whether there are any differences in biological 
understanding between children living in cities and those living on farms in the next chapter. 
In Chapter 4 we discussed the issue that religious and biological conceptualizations of 
death were originally believed by researchers to be mutually exclusive, and therefore 
religious responses reflected immature biological understanding. In light of the recent 
revisions in the conceptualisation of death from a purely biological viewpoint to a 
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coexistence of religious and biological understanding, and the implementation of 
methodological changes to reduce the risk of mistakenly confusing religious for biological 
responses, the order in which sub-concepts are acquired will also be examined.  
The purpose of this study is to explore the development of children’s biological 
concepts, how sociocultural and individual factors may influence the development of such 
biological concepts, to develop a more accurate picture of how children’s understanding of 
the sub-concepts of death develop, and to try and distinguish between biological knowledge 
acquired through formal learning and knowledge acquired from informal learning 
experiences. In addition, we explore whether these factors also contribute to children’s formal 
learning. As such, this study will explore: 1) possible sociocultural and individual differences 
believed to influence children’s understanding of various biological concepts; 2) whether the 
amount of experience with nature and the lifecycle influences children’s biological concepts; 
and 3) the order in which children’s sub-concepts of death are acquired.   
In order to try and encompass and distinguish between different types of biological 
concepts, we will examine three different areas of biological knowledge which are believed 
to be conceptually distinct: 1) the use of ecological reasoning, which has been strongly 
associated with expertise in a the domain being reasoned about rather than development; 2) 
death understanding and it’s individual sub-concepts, which is primarily learnt at home; and 
3) formal science knowledge, which assesses content which is taught in schools from prep to 
Grade 3 as part of the life sciences curriculum, and should therefore represent school-based 
formal learning.  
Although primarily an exploratory study, some hypotheses can be formulated based 
on the literature. Firstly, there is strong evidence to indicate that children’s age is associated 
with children’s development of biological concepts, including the three main variables of 
interest. There is ample evidence in the literature to indicate that children’s understanding of 
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death tends to follow a developmental trend, and as such children’s age is a strong predictor 
of children’s death concept development (See Kenyon, 2001 and Slaughter, 2005 for 
reviews). Therefore, we predict that children’s understanding of death, and each of the 
individual sub-concepts, will be significantly positively associated with their age. Similarly, 
there is evidence to suggest that ecological reasoning is also associated with children’s age 
(Coley, 2012; Coley, Vitkin et al., 2005; Ross et al., 2003). As such, we expect to see a 
positive correlation between children’s ecological reasoning and their age, such that older 
children provide a greater number of ecological responses. Finally, the life science concept 
questionnaire is designed to assess knowledge acquired during the first 3-4 years of primary 
schooling. As such, children’s age is expected to be the strongest predictor of children’s 
performance on the LSCQ, as performance should be dependent on children’s level of 
schooling.   
Secondly, research suggests that parental communication about death and dying, 
whether in the context of a personal death or through everyday conversations, is one of the 
most salient experiences associated with children’s developing understanding of death (see 
Longbottom & Slaughter, 2018). As such, we expect parents’ communication about death and 
dying to be significantly associated with children’s death concepts, and the development of 
individual sub concepts. Therefore, it is expected that understanding of death will be 
significantly influenced by parents’ communication efficacy.  
Results 
We will start by reporting the results of the data analysis, report on missing cases, and 
outline the results of assumption testing. Then we will discuss the descriptive statistics for the 
main variables and covariates. The results of the main analyses will be presented in four 
sections. Firstly, we will explore possible environmental, individual, and experiential 
influences on children’s ecological reasoning. Secondly, possible influences on children’s 
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overall death understanding will be examined. Thirdly, we will examine the order in which 
sub-concepts are acquired, and whether socioeconomic or individual differences may 
influence the order and acquisition of individual sub-concepts. Finally, formal science 
knowledge will be explored for possible influential factors.   
Data Screening and Assumption Tests 
Prior to analysis we ran several tests to assess if the assumption of normality was met 
for each of the dependent variables of death understanding, ecological reasoning, and formal 
science knowledge. The Shapiro-Wilk test of normality was first used to investigate whether 
the dependent variables were normally distributed. These tests of normality revealed that the 
distributions of death understanding (𝑊𝑊(150) =  .95,𝑝𝑝 < .001) was significantly negatively 
skewed, ecological reasoning (𝑊𝑊(152) =  .97, 𝑝𝑝 = .001) and formal science knowledge 
(𝑊𝑊(131)  =  .90,𝑝𝑝 < .001) were significantly positively skewed. However, when we 
conducted an examination of the histograms (as can be seen in Figure 7.1 in Appendix G) 
there was some concern that these statistics conflicted with the visual data, with the 
distributions for ecological reasoning and death understanding appearing to be normal.  
In order to resolve the conflicting information, a z-test was conducted to test 
normality using the skewness and kurtosis of the measures (Kim, 2013). The results of the z-
tests for the dependent variables indicated that ecological reasoning (𝑧𝑧(𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠) = 0.52,𝑛𝑛𝑝𝑝;  
𝑧𝑧(𝑠𝑠𝑘𝑘𝑝𝑝𝑝𝑝) = −1.18,𝑛𝑛𝑝𝑝) and death understanding (𝑧𝑧(𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠) = −1.82,𝑛𝑛𝑝𝑝; 𝑧𝑧(𝑠𝑠𝑘𝑘𝑝𝑝𝑝𝑝) =
−1.43, 𝑛𝑛𝑝𝑝) were significantly normal, while formal science knowledge was significantly 
positively skewed, 𝑧𝑧(𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠) = 5.05,𝑝𝑝 < .001 and 𝑧𝑧(𝑠𝑠𝑘𝑘𝑝𝑝𝑝𝑝) = 1.74,𝑛𝑛𝑝𝑝.  As such, we 
conclude that ecological reasoning and death understanding are relatively normal, while 
children’s formal science knowledge is not normal. However, because death understanding is 
close to becoming non-normal, for the correlational analyses, we will err on the side of 
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caution and use non-parametric tests for our exploratory analyses. Therefore, for the purpose 
of the initial analyses we will conduct non-parametric tests for all three variables.  
Missing Cases 
As we discussed in the methodology, several variables were found to be missing 
responses. These will be discussed first in relation to the main dependent variables. Missing 
cases for additional demographic variables can be seen in Table 7.1. Because the study sought 
to obtain information from both parents and children, in some cases while children completed 
the interview their parents failed to return their questionnaires or complete certain questions. 
In these cases pairwise deletion was used due to the difficulty in obtaining further data.  
Table 7.1 
Missing Cases for Ecological or Individual Differences and Experiential Variables 
Ecological and Experiential Variables Total 
SES 23 
Parental Education 16 
Parents’ religious belief 20 
Belief in Afterlife 19 
Pet Ownership 13 
Number of Pets 13 
Personal Experiences of Death 13 
Number of Deaths 34 
Triad Condition 22 
 
While the majority of children completed the interview, there were some missing 
cases identified. In one case, an overall understanding of death was not calculated as the 
child’s responses were missing for one of the questions in the interview. No response could 
be obtained for the question of applicability due to distractions and the child not answering 
the question but talking about irrelevant matters, requiring the interviewer to move on to the 
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next question. Additionally, due to a difference in the variables of interest used in the pilot 
and main study, 21 children (farm: n = 11, city: n = 10) did not complete the formal science 
knowledge questionnaire.  
Analyses 
As the purpose of this study is exploratory, correlational analyses will be conducted to 
explore possible environmental, individual and experiential factors which may influence 
children’s biological concept development. Given that several of the main variables were 
found to be significantly skewed, non-parametric analyses will be conducted for the initial 
correlations. Where appropriate, these will be followed with partial correlations to control for 
the effects of covariates, such as age, which previous studies suggest will have a significant 
influence on the main variables of interest.   
Due to the exploratory nature of the study, a number of variables will be examined in 
the correlations. Despite the decision to include these variables based on theoretical and 
empirical evidence, there is a risk of familywise error. As such, all significant associations 
will be further explored using linear regressions to confirm whether significant associations 
reflect predictors of each of the biological concepts of interest.  
An initial correlational analysis revealed a significant association between children’s 
understanding of death and their formal science knowledge (𝑝𝑝𝑠𝑠(129) = .59, 𝑝𝑝 < .001). This 
association remained even after the developmental effects of children’s age had been 
partialed out, 𝑝𝑝𝑎𝑎𝑎𝑎.𝑐𝑐(125) = .33,𝑝𝑝 < .001. Despite the strong correlation, these two concepts 
are believed to be conceptually distinct, and this association is likely to be due to an 
underlying covariate. As such, each biological concept is explored sequentially, rather than as 
intercorrelated constructs.  
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Descriptive Statistics 
The means and standard deviations for the main variables: death understanding, 
ecological reasoning, formal science knowledge, and for each of the sub-concepts of death 
understanding: inevitability, applicability, irreversibility, causality, and cessation; are 
illustrated in Table 7.2.  
Dependent Variables 
Table 7.2 
Means and Standard Deviations of the Dependent Variables in Study 2 
Variables N M SD 
Age (months) 152 72.91 16.78 
Standard Death Interview 151 6.63 2.14 
Inevitability 152 1.75  0.50 
Applicability 151 1.10 0.94 
Irreversibility 152 1.66 0.63 
Causality 152 1.58 0.68 
Cessation 152 0.49 0.71 
Ecological Reasoning 152 3.90 1.87 
Formal Science Knowledge 131 6.05 4.88 
 
 
Note: Age is represented in months, with a range of 47 – 107 months.  Children’s scores for 
the overall death concept ranged from 2 – 10 (maximum = 10), and the range for individual 
sub-concepts is 0 – 2 (maximum = 2). Children’s scores for ecological reasoning ranged from 
0 to 9 (maximum = 9), and for formal science knowledge ranged from 0 to 21 (maximum 
score = 24). 
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Understanding of Death 
Children’s scores for the overall death concept ranged from 2 – 10, with a mean score 
of M = 6.63 (2.14), 95% 𝐶𝐶𝐶𝐶 [6.35, 7.10]. Overall, only 14 children demonstrated a mature 
understanding of death, while no children demonstrated a complete failure to understand 
death, indicating some understanding of the biological nature of death in even the youngest 
children.  
Children’s scores for the individual sub-concepts ranged from 0 to 2. Overall, the 
majority of children demonstrated a mature understanding of inevitability (78.3%), 
irreversibility (74.3%), and Cessation (68.4%). However, only 49.7% of children 
demonstrated a mature understanding of applicability. Furthermore, only 19 children 
demonstrated a complete understanding of causality, with the majority of children scoring 0 
for the question of causality (63.6%).  
Ecological Reasoning 
Children’s scores for ecological reasoning ranged from 0 to 9, with a mean score of 
𝑀𝑀 = 3.90 (. 15), 95% 𝐶𝐶𝐶𝐶[3.60, 4.20]. The majority of children provided between 2 and 6 
ecological responses (83.6%). 
Formal Science Knowledge 
Children’s formal science knowledge scores could range between 0 and 24, with 
higher scores reflecting better formal science knowledge. Overall, children scored a mean 
score of 𝑀𝑀 = 6.05 (4.88), 95% 𝐶𝐶𝐶𝐶 [5.20, 6.89].  
Subject Variables 
Religious Belief and Belief in an Afterlife 
Two-thirds of children came from families with at least one parent who identified as 
being religious (Christian; n = 88; e.g. Catholic, Anglican, Lutheran, etc.), with the remaining 
third of children coming from families who identified as having no religion or atheist (n = 
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44). Irrespective of religious beliefs, 45.1% of the parents believed in a continued existence 
after death, while 33.1% were unsure about their belief, and 21.8% did not believe in an 
afterlife.  
Pet Ownership 
The majority of children owned at least one pet (88.5%), with only 16 children not 
owning a pet (11.5%).  On average, children owned 3.29 pets (SD = 3.61). Given that some 
research suggests that it is the emotional bond and interaction with pets that increases the 
benefits of pet ownership, we chose to use an alternate variable to distinguish companion 
animals such as dogs, cats, and horses; which children are more likely to interact and engage 
with; from additional pets such as birds, fish, fowl (for example chickens and ducks), and 
other farm animals (such as poddy calves, sheep, and pigs). Overall, 82.3% of the children 
who owned pets, had at least one of these companion animals. Therefore, a variable of “owns 
at least one companion animal” was used instead to take into consideration the influence of 
the “closeness” of the animal-human bond. Overall, the parents of 139 children indicated 
whether or not their children owned a pet and what species these included. Of these, 73.4% 
owned at least one companion animal as a pet, with the remaining 26.6% owning a different 
pet (i.e. fowl, birds, fish, and farm animals) or no pets. 
Personal experiences of death 
The majority of children had personally experienced at least one type of death (n = 
125), with only 13 (9.4%) children having no experience of human or pet death. Irrespective 
of the type of death experienced, children had on average experienced at least two deaths (M 
= 2.47, SD = 1.96). It was found that the majority of children had experienced the death of a 
pet (75.5%), although parents reported that only 63.3% of children had experienced the death 
of a pet that they were close to. The proportion of children who had experienced the death of 
a close family member or friend was higher than expected, with 39.6% of children 
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experiencing the death of at least one close relative or friend. Finally, 25.2% of children had 
an extended family member or family friend die.  
Informal activities and experiences with nature, death and the lifecycle 
The frequency of children’s experiences with nature, death, and the lifecycle was 
assessed using the Informal Encounters with Nature Scale. Children’s total score could fall 
between 22 - 154, with higher scores reflecting a greater number of experiences 
with/exposure to the natural world overall. The mean and standard deviations for informal 
experiences and activities can be seen in Table 7.3. Overall, information was returned for 139 
children.  
Parental Communication 
Overall, 139 parents completed the Communication about Death and Dying 
Questionnaire. The mean and standard deviation for the efficacy of parents’ communication 
about death and dying are presented in Table 7.3. The overall scores could range from 16 to 
80, with higher scores reflecting more effective communication.  
Table 7.3 
Means and Standard Deviations of Experiences in Study 1 
Variables N M SD 
Number of deaths experienced 118 2.45 1.97 
Number of pets owned 139 3.29 3.61 
Informal Encounters with Nature  139  63.21 12.41 
Parental Communication 138 60.45  8.49 
 
Note: Number of deaths experienced range 0 - 9. Number of pets owned range from 0 - 
20. The Informal Encounters with Nature Scale ranged from 31 – 92 (Maximum = 154). 
Parental communication scores ranged from 37 – 77 (maximum = 80). 
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Exploratory analyses 
We first explored the influence of a variety of factors on children’s developing 
biological knowledge, based on the literature. Correlations were first run between each of the 
main variables and children’s age, gender, parents’ education, SES, parents’ religious belief, 
and belief in an afterlife.  
In order to test our key hypotheses that various nature and death-related experiences 
would influence children’s biological concepts, correlations were then run between each of 
the main variables and several key experiences: overall frequency of experiences and 
activities engaging with nature, death or the lifecycle, pet ownership, number of pets owned, 
personal death experience, the number of deaths experienced, and parental communication 
about death.  
Due to several of the variables’ distributions not meeting the assumption of normality 
(formal science knowledge, and all of the sub-concepts of death) Spearman’s Rho was used 
to evaluate these correlations initially. Where necessary, additional analyses were also 
conducted. The results of these analyses for each biological concept are outlined separately 
below. 
Ecological Reasoning 
Ecological and individual differences 
Zero-order correlations were conducted using Spearman’s Rho, with ecological 
reasoning (which we define in the methodology as the total number of ecological choices 
children made in the Triad Induction Task) as the variable of interest. As can be seen in Table 
7.4, no significant associations were detected (all ps > .05).  
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Table 7.4 
Zero Order Correlations (Spearman’s Rho) Between Ecological Reasoning and Demographic 
Variables 
Variables n 𝑝𝑝𝑠𝑠 p 
Age 152 -.06 .448 
Gender 152 -.08 .354 
Parental Education 136 .01 .909 
Socioeconomic Status 129 .04 .617 
Religious Belief 132 -.04 .649 
Belief in Afterlife 130 -.01 .944 
Note:  Age is in months, all Significance tests two tailed, 𝑝𝑝𝑠𝑠 – Spearman’s Rho Correlation  
We had hypothesised that children’s use of ecological reasoning would be strongly 
related to their age, with older children showing a greater use of ecological responses. 
Contrary to expectation, no significant association was detected between children’s 
ecological reasoning and age.  
Experiential Influences 
We next examined possible experiences which may influence children’s ecological 
reasoning. Zero-order correlations were conducted using Spearman’s Rho, with ecological 
reasoning as the main variable of interest. As can be seen in Table 7.5, no significant 
relationships were detected for any of the experiential factors (all ps > .1).  
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Table 7.5 
Zero Order Correlations (Spearman’s Rho) Between Ecological Reasoning and Experiential 
Variables  
Variables n 𝑝𝑝𝑠𝑠 p 
Informal Encounters with Nature  136 .07 .395 
Companion Pet 139 -.04 .657 
Number of Pets 139 .14 .113 
Death Experience 139 .06 .514 
Number of deaths Experienced 118 -.04 .655 
Parental Communication about death 138 -.05 .549 
Note: all significance tests two tailed 
Death concepts 
Ecological and individual differences 
We first explored the influence of a variety of demographic and individual differences 
on children’s developing understanding of death, based on the literature. Zero-order 
correlations were conducted using Spearman’s Rho, with overall understanding of death as 
the main variable of interest. The results of the analysis are presented in Table 7.6. 
As expected, understanding of death was found to have a strong, positive relationship 
with age (𝑝𝑝𝑠𝑠(148) = .62,𝑝𝑝 < .001), with older children demonstrating more mature death 
concepts. No other significant associations were detected (all ps > .05). 
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Table 7.6 
Zero Order Correlations (Spearman’s Rho) Between Death Understanding and Demographic 
Variables 
Variables n 𝑝𝑝𝑠𝑠 p 
Age 150  .62*** .000 
Gender 150 -.04 .644 
Parental Education 134  .03 .727 
Socioeconomic Status 127  .04 .687 
Parents’ Religious Belief 130 -.11 .233 
Belief in Afterlife 131  .02 .857 
Note:  Age is in months  
*** p < .001, all significance tests two tailed 
Partial correlation 
Given the significant association between age and death understanding, it was 
essential to ensure that children’s age was not suppressing or influencing any of the results. 
As such, following on from the non-parametric correlation tests, partial correlations were 
conducted to partial out the effects of age.  As can be seen from Table 7.7, when age was 
controlled several significant associations were revealed. 
A significant positive association was detected between children’s understanding of 
death, and parents’ level of education, with children whose parents have higher levels of 
education, demonstrating more mature understanding of death (𝑝𝑝𝑎𝑎𝑎𝑎.𝑐𝑐(131) = .21,𝑝𝑝 < .05). 
Additionally, a statistically significant correlation was found between children’s 
understanding of death and parents’ religious belief (p < .05). Children whose parents 
identified as not religious or atheists demonstrated more mature death concepts, than children 
from families where at least one parent identified as religious. No significant correlations 
were detected for any of the additional factors (all ps > .05)  
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Table 7.7 
Partial Correlations Between Death Understanding and Demographic Variables, controlling 
for Age 
Variables n 𝑝𝑝𝑎𝑎𝑎𝑎.𝑐𝑐 p 
Gender 147  .05 .531 
Parental Education 131  .20* .021 
Socioeconomic Status 124 -.010 .914 
Parents’ religious belief 127 -.23** .009 
Belief in Afterlife 128 -.08 .369 
Note: all significance tests two tailed, 𝑝𝑝𝑎𝑎𝑎𝑎.𝑐𝑐 – partial correlations 
* p < .05, ** p < .01, *** p < .001, 
Experiential variables 
In order to test our key hypotheses that various nature and death-related experiences 
would influence children’s biological concepts, correlations were then run between each of 
the main variables and several key experiences.  
Zero-order correlations were first conducted using Spearman’s Rho, with overall 
understanding of death as the main variable of interest. The results of these correlations are 
presented in Table 7.8. However, due to the strong influence of age on children’s death 
understandings, and the assumption that the number of experiences children have will 
increase as they grow older, we conducted partial correlations with death understanding as 
the main variable to control for any effects of age. 
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Table 7.8 
Zero Order Correlations (Spearman’s Rho) Between Death Understanding and Experiential 
Variables 
Variables n 𝑝𝑝𝑠𝑠 p 
Informal Encounters with Nature  134 .138 .112 
Companion Pet 137 .077 .374 
Number of Pets 137 -.058 .502 
Death Experience 137 .083 .336 
Number of Deaths Experienced 117 .207* .025 
Parental Communication About Death 136 .165 .056 
Note:  Age is in months, all significance tests two tailed,  
* p < .05 
Partial Correlations 
As can be seen from Table 7.9, when the effects of age were partialed out, the 
association between the number of deaths experienced and children’s understanding of death 
was no longer significant. This suggests that age was the primary driving force behind the 
association.  
However, when child’s age was controlled, parental communication remained 
significantly, positively associated with children’s overall death understanding (𝑝𝑝𝑎𝑎𝑎𝑎.𝑐𝑐(132) =.21,𝑝𝑝 < .05). Consistent with our second hypothesis, children whose parents provided more 
effective communication about death were found to have more mature death concepts.  
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Table 7.9 
Partial Correlations Between Death Understanding and Experiential Variables, Controlling 
for Age 
Variables n 𝑝𝑝𝑎𝑎𝑎𝑎.𝑐𝑐 p 
Overall activities and experiences 131  .00 .963 
Companion Pet 137  .08 .374 
Number of pets owned 134 -.12 .176 
Any death experience 134 -.04 .636 
Number of deaths experienced 134 -.00 .691 
Parental Communication 133  .21* .017 
 
Note: * p < .05, all significance tests two tailed 
Sub-concepts of death 
Acquisition of sub-concepts 
We first examined the order in which children developed their understanding of each 
of the sub-concepts of death. As can be seen in Table 7.10, we found that children first 
acquired an understanding of inevitability (𝑀𝑀 = 1.75), followed closely by irreversibility 
(𝑀𝑀 = 1.67) and cessation (𝑀𝑀 = 1.59). They then acquired an understanding of applicability 
(𝑀𝑀 = 1.11), with causality taking the longest to acquire (𝑀𝑀 = 0.49).  
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Table 7.10 
Means, Standard Deviations, and Confidence Intervals for Each Sub-Concept of Death 
Sub-Concepts of Death N M (SD) 95% CI  
Inevitability  152 1.75 (.50) 1.67, 1.83 
Applicability  151 1.11 (.94) 0.96, 1.26 
Irreversibility 152 1.67 (.63) 1.56, 1.77 
Cessation 152 1.59 (.67) 1.49, 1.70 
Causality 152 0.49 (.71) 0.38, 0.61 
Note:  CI = confidence interval 
Due to the large number of variables included in the correlations, it was 
acknowledged that these results had an increased chance of being affected by familywise 
error. However, the variables included in the correlational analysis were all selected due to 
their theoretical relationship to biological concepts and death understanding. As this analysis 
was primarily intended as an exploratory analysis as part of a larger exploration of the 
biological concept of death, we decided to keep the current significance levels of 𝑝𝑝 = .05, 
and risk the possibility of familywise error.  
Ecological and Individual Differences 
Given that research has found that the individual sub-concepts of death can be 
influenced by ecological and individual factors, we conducted correlations to explore whether 
individual sub-concepts are influenced by different factors. Due to the non-normal 
distributions of the sub-concept measures, non-parametric correlations were conducted using 
Spearman’s Rho for each sub-concept of death. As can be seen in Table 7.11, several 
significant correlations were detected.  
In addition to our prediction that children’s overall death understanding would 
increase with age, we also expected to see an increase in children’s understanding of each of 
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the sub-concepts of death with developmental age. Consistent with expectations, children’s 
age was also found to significantly relate to children’s understanding of each of the sub-
concepts of death. A small to moderate, positive relationship was observed between children’s 
age and the sub-concepts of inevitability (𝑝𝑝𝑠𝑠(150) = .19,𝑝𝑝 < .05), irreversibility (𝑝𝑝𝑠𝑠(150) =.24,𝑝𝑝 < .005), and cessation (𝑝𝑝𝑠𝑠(150) = .23,𝑝𝑝 < .005), with more older children 
demonstrating a more mature understanding of each of the sub-concepts. A moderate 
association was detected between children’s age and their understanding of the sub-concepts 
of applicability (𝑝𝑝𝑠𝑠(149) = .43,𝑝𝑝 < .001) and causality (𝑝𝑝𝑠𝑠(149) = .39,𝑝𝑝 < .001), with 
more mature concepts found in older children.  
Table 7.11 
Zero Order Correlations (Spearman’s Rho) Between Sub-concepts of Death and 
Demographic Variables 
Variables Inevitability Applicability Irreversibility Cessation Causality 
Age  .19*  .43***  .24**  .23**  .39*** 
Gender -.11  .01  .09  .04 -0.1 
Parental Education  .07 -.09 -.07 -.08  .15 
Socioeconomic Status  .19*  .09 -.01 -.04  .09 
Parents’ religious belief -.08 -.02 -.07 -.16 -.13 
Belief in Afterlife  .03 -.02  .02  .01 -.13 
Note:  * p < .05, ** p < .01, *** p < .001, all significance tests two tailed 
Partial Correlations 
Given the significant association between age and all of the sub-concepts of death, it 
was necessary to ensure that children’s age was not suppressing or influencing any observed 
relationships. Following on from the non-parametric tests, we ran a partial correlation 
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controlling for children’s age on each of the sub-concepts of death. As can be seen in Table 
7.12, several significant associations were identified for the sub-concepts of inevitability, 
cessation, and causality. These results are outlined for the different sub-concepts in turn 
below.  
Table 7.12 
Partial Correlations Between Sub-Concepts of Death and Demographic Variables, 
Controlling for Age 
 Variables Inevitability Applicability Irreversibility Cessation Causality 
Gender -.10  .04  .14  .11 -.08 
Parental Education  .05  .01 -.01 -.03  .29*** 
Socioeconomic Status  .22*  .07 -.03  .07  .07 
Parents’ religious belief -.10 -.08 -.10 -.19* -.18* 
Belief in Afterlife  .02 -.05 -.04  .00 -.18* 
Note: * p < .05, ** p < .01, *** p < .001, all significance tests two tailed 
A significant small to moderate, positive relationship was detected between children’s 
understanding of the inevitability of death and their family’s SES (𝑝𝑝𝑎𝑎𝑎𝑎.𝑐𝑐(126) = .21,𝑝𝑝 =.015), with children from higher SES backgrounds demonstrating more mature concepts of 
inevitability.  
A weak, yet significant association was detected between parents’ religious belief and 
the sub-concept of cessation (𝑝𝑝𝑎𝑎𝑎𝑎.𝑐𝑐(129) = −.19,𝑝𝑝 = .027), with the understanding of the 
cessation of bodily functions higher in children whose family were not religious, compared to 
religious families.  Further exploration of the influence of parents’ religious belief on 
cessation will be discussed in Study 2 as part of a comparison of farm and city children’s 
understanding of biological concepts. 
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Parental education was found to be significantly associated with children’s 
understanding of the sub-concept of causality (𝑝𝑝𝑎𝑎𝑎𝑎.𝑐𝑐(132) = .29,𝑝𝑝 < .001). A moderate 
positive association was observed between parent’s level of education and their children’s 
responses, with a more mature understanding of causality seen in children with more highly 
educated parents.  
Causality was also found to be significantly weakly correlated with parents’ religious 
belief (𝑝𝑝𝑎𝑎𝑎𝑎.𝑐𝑐(128) = −.18,𝑝𝑝 = .036), and a belief in the afterlife (𝑝𝑝𝑎𝑎𝑎𝑎.𝑐𝑐(129) = −.18,𝑝𝑝 =.045). Children whose family were not religious were found to have more mature concepts of 
the causality of death than children from religious families. Irrespective of religious beliefs, 
children whose families believed in some form of continued existence after death were found 
to have less mature concepts of causality than children whose parents did not believe in life 
after death.  
Further analyses 
Given that children’s understanding of causality is the most complex sub-concept for 
children to understand, an additional supplemental multiple regression analysis was 
performed to further explore which of these variables predict the children’s understanding of 
causality. This analysis was also conducted in order to determine whether religious belief and 
noncorporeal existence influence children’s understanding of causality independently or 
whether the significant correlations were due to their own interrelationship and only one of 
these factors predicted children’s causality understanding.  
We conducted a step-wise regression to explore whether the variables of parental 
education, parents’ religious belief, noncorporeal existence, and age were significant 
predictors of causality. Based on the results of the previous analyses, age was entered into the 
first step of the equation using the enter method. The additional variables of parents’ religious 
belief, parental education, and belief in an afterlife, which had been identified as significant 
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in the correlations, were included in the next step. As the purpose of this analysis was to 
explore whether these variables were significant predictors of causality, these variables were 
entered using the stepwise method. The significant findings of the analysis are reported in 
Table 7.13. 
 
Age (in months) was entered at step 1. The resulting equation was significant: 
= 𝐹𝐹(1,125) = 20.38,𝑝𝑝 < .001, 𝐴𝐴𝑑𝑑𝐴𝐴.  𝑅𝑅2 = .13, indicating that children’s age was a 
significant predictor of children’s understanding of causality, accounting for 13% of the 
variance in children’s understanding.   
At step 2, parents’ highest level of education was entered, resulting in a significant 
improvement in the prediction of causality understanding:  ∆𝐹𝐹(1,124) = 11.07, 𝑝𝑝 =.01,  ∆𝑅𝑅2 = .07,𝐴𝐴𝑑𝑑𝐴𝐴.𝑅𝑅2 = .20. As can be seen in Table 7.13, when added to the model, 
parents’ level of education explained a further 7% of the variance in understanding.  
Whether or not families were religious was added to the model at step 3. This resulted 
in a significant increase in the model’s prediction of children’s understanding of causality: 
∆𝐹𝐹(1,123) = 6.41, 𝑝𝑝 = .013,  ∆𝑅𝑅2 = .04,𝐴𝐴𝑑𝑑𝐴𝐴.𝑅𝑅2 = .23. Whether or not families were 
religious accounted for a further 4% of the variance in causality scores. Parents’ belief in an 
Afterlife was not found to be a significant predictor of causality, 𝛽𝛽 = −.09, 𝑝𝑝(126) =
−1.11, 𝑝𝑝 =.𝑛𝑛𝑝𝑝, and was excluded from the final model.  
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Table 7.13 
Hierarchical Multiple Regression Equations of Predictors of Children’s Understanding of the Causality of Death  
Step and Variables 𝐵𝐵 𝑆𝑆𝑆𝑆 𝐵𝐵 𝛽𝛽 𝑝𝑝 𝑅𝑅2 Adj. 𝑅𝑅2 ∆𝑅𝑅2 ∆𝐹𝐹 
Step 1a     .14*** .13*** .14 20.38 
Age (in months) .02 .003 .47 5.81***     
Step 2b     .21*** .20*** .07 11.07 
Age (in months) .02 .003 .44 5.47***     
Parental Education .26 .08 .27 3.32***     
Step 3c     .25* .23* .04 6.41 
Age (in months) .02 .003 .47 5.64***     
Parental Education .27 .08 .28 3.48***     
Parents’ religious belief -.29 .12 -.20 -2.53*     
Note: N = 126 
a 𝑑𝑑𝑑𝑑 = 1,125, b 𝑑𝑑𝑑𝑑 = 1,124, c 𝑑𝑑𝑑𝑑 = 1,123 
∗ 𝑝𝑝 < .05,∗∗∗ 𝑝𝑝 < .001 
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The final model combined children’s age, religious belief, and parental education to 
significantly predict children’s understanding of causality: 𝐹𝐹(3, 123) = 13.65, 𝑝𝑝 < .001. 
The three variables combined accounted for approximately 25% of the total variance in 
children’s understanding of causality. Examination of individual Beta-weights in the final 
model indicates that children’s age (𝛽𝛽 = .47) and parent’s level of education (𝛽𝛽 = .28) were 
positively associated with children’s causality understanding, such that older children and 
children with parents with higher levels of education had more mature concepts of causality. 
Inversely, the individual Beta weight of parents’ religious belief (𝛽𝛽 = −.20), indicates that 
children whose families are not religious have more mature understanding of causality than 
children whose families are religious.  
Formal Science Knowledge 
We chose to include a test assessing formal learning of biology to distinguish between 
the effects of formal versus informal learning on children’s biological concepts. However, 
while formal learning should be influenced by children’s schooling, rather than 
socioeconomic or experiential factors; whether these factors also contribute to children’s 
formal learning is currently unknown. As such, we sought to confirm that the same factors 
which may influence children’s naïve biological concepts don’t extend to their subsequent 
formal biological learning. Ideally, children’s grasp of life science concepts covered by the 
school curriculum should be consistent across children in the same grade as performance 
should reflect formal learning. Because we included the formal learning measure to contrast 
children’s development of biological concepts which are embedded in a naïve theory of 
biology, we needed to ensure that the measure represented an accurate reflection of children’s 
formal science knowledge prior to exploring any further relationships. 
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Ecological and Individual Differences 
There is a general argument and increasing evidence to suggest that children whose 
parents are more highly educated or have higher socioeconomic status, perform better 
academically (Çiftçi & Cin, 2017; Considine & Zappala, 2002; Sackes et al., 2011).  To 
explore potential influences of the demographic variables on children’s formal science 
knowledge, we conducted non-parametric correlations using Spearman’s Rho. Results of the 
analysis are presented in Table 7.14.  
Due to the graded nature of the test, children’s life science knowledge was predicted 
to increase with age. As expected, a moderate to high, significant positive correlation was 
observed between children’s age and their formal science knowledge (𝑝𝑝𝑠𝑠(129) = .68,𝑝𝑝 <.001), with older children demonstrating better formal science knowledge than younger 
children. No significant associations were detected (all ps > .05) for any of the remaining 
variables. 
Table 7.14 
Zero Order Correlations (Spearman’s Rho) Between Formal Science Knowledge and 
Demographic Variables  
Variable n 𝑝𝑝𝑠𝑠 p 
Age 131 .68*** .000 
Gender 131 -.04 .670 
Parental Education 115 -.07 .458 
Socioeconomic Status 108 .11 .262 
Parents’ Religious Belief 111 .00 .959 
Belief in Afterlife 112 -.04 .699 
Note: * p < .05, *** p < .001, all significance tests two tailed 
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Experiential Influences 
We next examined possible experiences which may influence children’s formal 
science knowledge. Zero-order correlations were conducted using Spearman’s Rho, with 
formal science knowledge as the main variable of interest. As can be seen in Table 7.15, two 
significant associations were initially detected. Children’s formal science knowledge was 
significantly associated with their overall informal encounters with nature and the number of 
deaths they had experienced. No significant relationships were detected for any of the other 
experiential factors (all ps > .1). However, due to the strong influence of age on children’s 
formal science knowledge, and the assumption that the number of experiences children have 
will increase as they grow older, it was necessary to ensure that these significant associations 
were not due to age-related effects.  
Table 7.15 
Zero Order Correlations (Spearman’s Rho) Between Formal Science Knowledge and 
Demographic Variables 
Variable n 𝑝𝑝𝑠𝑠 p 
Informal Encounters with Nature  115  .22* .020 
Companion Pet 118 .10 .280 
Number of Pets 118 .03 .783 
Death Experience 118 .14 .137 
Number of deaths Experienced 98 .24* .019 
Parental Communication About Death 117 .08 .396 
Note:  Age is in months,  
* p < .05, all significance tests two tailed 
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Partial correlations 
Partial correlations, controlling for age, were run on the main experience variables, 
with formal science knowledge as the main variable of interest.  As can be seen in Table 7.16, 
no significant relationships were detected between any of the experiences and children’s 
formal science knowledge (all ps > .1). Once the effects of age had been partialed out, the 
association between formal science knowledge and both overall informal encounters with 
nature and the number of deaths experienced was no longer found to be significant, 
suggesting that the significant associations were due to older children being more likely to 
have had a greater number of opportunities for informal activities and experiences with 
nature and experiencing death, as well as having more formal school learning.  
Table 7.16 
Partial Correlations Between Formal Science Knowledge and Experiential Variables, 
Controlling for Age 
Variables n 𝑝𝑝𝑎𝑎𝑎𝑎.𝑐𝑐 p 
Informal Encounters with Nature  112  .07 .440 
Companion Pet 115 -.05 .592 
Number of Pets 128  .06 .251 
Any Death Experience 115  .05 .296 
Number of deaths experienced 116  .11 .257 
Parental Communication about death 114  .05 .298 
Note:  * p < .05, ** p < .005, *** p < .001 
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Discussion 
This study sought to explore which socioeconomic or experiential factors may 
contribute to the development of children’s informal naïve biological understanding and 
formally acquired knowledge. We discuss the findings for each biological concept in turn. 
Ecological Reasoning 
Based on the literature, we predicted that children’s ecological reasoning would be 
positively associated with their age, such that older children would provide a greater number 
of ecological responses. Contrary to expectation, no significant relationship was detected 
between children’s age and their ecological reasoning. This finding is in contrast to previous 
studies which have found children’s use of different reasoning strategies to develop over time 
(see for example Coley, 2012; Coley, Vitkin et al., 2005; Unsworth et al., 2012). In Study 2, 
we explore whether any effects of age can be found when context and experience are also 
considered.  
No sociocultural or individual differences, nor specific experiences with nature and 
lifecycle, were found to be significantly associated with children’s ecological reasoning. 
Previous studies (Coley, 2012; Coley, Vitkin et al., 2005; Ross et al., 2003; Shafto & Coley, 
2003; Unsworth et al., 2012) have found children’s ecological reasoning to be influenced by 
children’s age, and direct experience or familiarity with nature. Study 2 will explore whether 
children living on farms, where experiences with nature occur in a more holistic way, 
influences children’s reasoning strategies.  
Death understanding 
The initial hypothesis that children’s understanding of death would be significantly 
positively associated with children’s age was supported. Consistent with the existing 
literature (See Kenyon, 2001 and Slaughter, 2005) analyses revealing that older children 
tended to have more mature death concepts. This relationship is explored further in Study 2. 
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When the effects of age were controlled for, parents’ level of education, religious 
belief and how effectively parents communicated about death were found to be significantly 
associated with children’s understanding of death. We discuss each of these findings in turn.  
The level of education parents had obtained was found to be significantly positively 
associated with children’s understanding of death. This finding is consistent with the findings 
of Matalon (2000) and Panagiotaki et al. (2018), indicating that children whose parents have 
completed a higher level of education tend to have more mature death concepts. Possible 
reasons for this influence are further explored in Study 2 and will be further discussed in the 
general discussion.  
Consistent with several studies (Candy-Gibbs et al. 1985, Panagiotaki et al., 2018; 
Rosengren et al. 2014), whether or not families were religious was found to be significantly 
associated with children’s understanding of death. Children from non-religious families 
demonstrated more mature death concepts in contrast to children with at least one parent who 
identified as religious. Although few studies have compared religious and non-religious 
groups, several studies have explored differences between religions (see for example Florian 
& Kravetz, 1985) and in the strength of religious belief. Our findings extend upon the 
findings of the handful of studies that have found that religious belief is associated with lower 
death concept scores. For example, two recent studies (Panagiotaki et al., 2018; Rosengren et 
al. 2014) reported less biologically sophisticated death concept understanding in children 
from religious backgrounds compared to non-religious children. 
Finally, we expected that children’s understanding of death would be significantly 
influenced by their parents’ communication efficacy. This hypothesis was supported, with a 
significant positive correlation being observed between children’s understanding of death and 
the efficacy of parents communication about death and dying, indicating that children whose 
parents’ have with better communication about death have more mature death concepts. This 
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finding is consistent with previous studies exploring the role of parental input on children’s 
understanding of death (Matalon, 2000; Renaud et al., 2015), and provides empirical support 
for the general consensus that parents play an important role in the development of their 
child’s death understanding. The influence of parental communication is explored further in 
Study 3. 
While these findings shed light on sociocultural and ecological factors which 
influence children’s overall understanding of death, previous research has found that 
ecological and individual differences can also have an influence on the development and 
acquisition of the individual sub-concepts of death.  
Sub-Concept Development  
Prior to exploring possible influences on sub-concept development, we first sought to 
re-examine the order in which children’s understanding of death are acquired. An 
examination of the mean scores of children’s sub-concept scores indicated that children first 
acquired an understanding of inevitability of death, closely followed by irreversibility and 
cessation. Applicability was then acquired, with an understanding of causality taking the 
longest to acquire. This finding is generally consistent with the patterns of sub-concept 
understanding reported by Panagiotaki et al. (2018), Ji, Cao, and Han (2017), and Rosengren 
et al. (2014a, 2014b). While this finding does challenge early studies’ findings that cessation 
is acquired later than applicability, this finding supports the suggestion made by Panagiotaki 
et al. (2018) that the sub-concepts of irreversibility and cessation may have been 
underestimated by earlier studies which confused religious responses with a failure to 
understand the biological components of death. Furthermore, this finding highlights the 
importance of distinguishing between biological, religious, and immature responses when 
assessing children’s understanding of death in order to develop a truly representative and 
accurate picture of how children develop their understanding of death. The influence of age 
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on children’s death concept development is examined further in Study 2 as part of our 
analysis to better understand and explore the various factors which contribute towards 
children’s understanding of death.  
Based on the literature, we expected to see a significant positive association of age 
with each of the sub-concepts of death. As expected, the individual sub-concepts of 
applicability, irreversibility, cessation, and causality were significantly associated with 
children’s age, with older children generally demonstrating a more mature understanding of 
each sub-concept. Furthermore, children’s age was observed to be more highly associated 
with the sub-concepts of applicability and causality, suggesting that these sub-concepts are 
the most strongly influenced by children’s age. This finding is consistent with previous 
studies, which have found that causality is the most difficult sub-concept to acquire and as 
such takes longer to develop than other sub-concepts (See Kenyon, 2001 and Slaughter, 
2005). The strong correlation of applicability may reflect a similar complexity in the 
understanding of the sub-concept; however, it may be that both sub-concepts are 
underestimated due to methodological concerns identified with the phrasing of the question 
during the interviews. This is discussed in greater detail in the general discussion. 
Initial analyses exploring ecological and individual differences in relation to each of the 
sub-concepts revealed several significant associations for inevitability, cessation, and 
causality. We discuss these findings in turn below. No significant associations were detected 
for applicability and irreversibility aside from age, which has already been discussed.  
Inevitability 
Initial analyses indicated that SES was significantly associated with children’s 
understanding of the inevitability of death, with children from higher SES families 
demonstrating a more mature understanding of inevitability. Further analyses revealed that 
this difference is most prominently observed between children from working- or lower-class 
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families compared to middle income families (lower- through to upper-middle). This finding 
is somewhat consistent with findings reported by Kenyon (2001), in a review of the literature 
surrounding children’s understanding of death in general. We explore possible reasons for this 
observed influence further in the general discussion. 
The finding that age was not a significant predictor in the current sample could be due 
to the high proportion of children who had already mastered the sub-concept, leaving only a 
small sample of children in each of the remaining groups (scores of 0: n = 5, 1: n = 28). 
Additional research with younger children may find a stronger effect of age in younger 
participants in the very earliest stages of learning about death.  
Cessation 
A small, yet significant, relationship was detected between children’s understanding 
of cessation and whether or not their parents were religious. Consistent with the findings of 
other studies (Bonoti et al., 2014; Panagiotaki et al., 2018; Renaud et al., 2015), children from 
non-religious families tended to have more mature concepts of cessation than children from 
families with at least one parent who was religious. Although precautions were taken to 
distinguish religious from immature beliefs about death, it is possible that children who did 
not elaborate on their responses may have been influenced by a religious belief in continued 
life after death. Alternately, it is possible that religious children have greater difficulty 
grasping the biological aspects of cessation and distinguishing these from the continuation of 
spiritual existence taught by parents and religious teachers. Possible reasons and implications 
of the influence of parents’ religious beliefs are discussed in greater detail in the general 
discussion.  
Causality 
Initial analyses indicated that children’s understanding of causality was significantly 
associated with children’s age, parents’ level of education, religious belief, and belief in an 
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afterlife. A linear regression was performed to further explore which of these variables 
significantly predict children’s understanding of causality. The resulting model indicated that 
children’s age, parental education, and religious belief all significantly predicted children’s 
understanding of causality. These three variables helped explain approximately a quarter of 
the variance in children’s causality concept. Belief in a continued existence after death was 
not found to contribute significantly to children’s understanding of death, above or beyond 
that which could be explained by their underlying religious beliefs.  
Parent’s level of education was found to be positively associated with children’s 
understanding of causality and was the strongest predictor of causality after age. This finding 
supports the suggestion made by Panagiotaki et al. (2018) that parents who are more highly 
educated may encourage their children to learn and engage in richer and more highly 
informed conversations about a variety of concepts. Further discussion of how parents’ 
education may contribute to biological concept development is discussed in the general 
discussion.  
Whether or not families were religious was also a significant predictor of children’s 
understanding of causality. Children’s understanding of causality was found to be more 
mature in children whose families were not religious, compared to those who were. Previous 
studies have found inconsistent support for religious influences on children’s understanding 
of death (Kenyon, 2001; Panagiotaki & Nobes, 2014; Panagiotaki et al., 2014), however this 
finding does reflect a general trend for more religious children, particularly those belonging 
to religions which encourage a belief in noncorporeal existence, to have poorer biological 
understandings of death (Panagiotaki et al., 2018; Rosengren et al., 2014a). One possible 
explanation for this observed difference in biological understanding of death could be 
parental influences and how parents’ religious belief relates to parents’ beliefs and approach 
to explaining death to their children. This possible influence is explored further in Study 3.  
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Formal Science Knowledge 
Given that the measure of children’s formal science knowledge was designed to assess 
children’s accumulated life science knowledge covered in the first 4 years of the school 
curriculum, we expected to see a significant positive association between children’s age and 
their performance on the life science questionnaire. As expected, there was a strong 
relationship between children’s age and their formal science knowledge, with older children 
demonstrating greater formal life science knowledge. No ecological, individual differences, 
or experiential factors were found to influence children’s formal science knowledge. This 
indicates that children’s accumulated school learning was not significantly influenced by 
external factors such as SES, location, informal experience, or parental education levels in the 
sample.  
However, as mentioned initially, a significant association between children’s 
understanding of death and their formal science knowledge was detected, even after the 
developmental effects of children’s age had been controlled. Because these two concepts are 
believed to be conceptually distinct, we believe this association is likely to be due to an 
underlying covariate which has an influence on both children’s understanding of death (and 
possibly even their naïve biology) and formal science knowledge. One possibility is that 
children with a greater interest or motivation to learn about science begin by developing their 
naïve biological theories and have a better foundation upon which to develop their formal 
schooling. We discuss these findings and the need to better understand how children’s early 
biological understanding and experiences influence children’s formal science interest and 
performance further in the general discussion 
The findings of this exploratory study have highlighted the need for further research 
into the influence of socio-cultural factors such as SES, parental education, parents’ 
professions/ area of work, and religious beliefs on children’s developing death concepts. The 
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role of parental education, SES and parents’ religious belief in relation to the development of 
children’s death understanding and effectiveness of parental communication, as well as 
possible implications for further research, will be discussed in greater detail in the general 
discussion.  
While no specific experiences were identified by the current study to influence 
children’s ecological reasoning, death concepts, or formal science knowledge; the more 
holistic environmental differences between the daily experiences of farm and city children 
might be differentially associated with the development of naïve biological understanding. 
This possibility will be explored in the next study.  
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Chapter 8: Comparison of Farm and City Children’s Biological Concepts 
Approximately 2.5 % of Australians live in rural and remote areas (ABS, 2008), with 
approximately one third living on farms (ABS, 2012). A recent ABS report indicates that 
death rates for these populations are much higher than the rest of the Australian population 
(ABS, 2013), with the standardized death rates being the lowest in major cities at 5.2 deaths 
per 1000 people and increasing as a person’s remoteness increasing (ABS, 2017). According 
to the Australian Institute of Health and Wellness (AIHW), in 2017 the standardized death 
rate of people living in remote and very remote areas were up to 1.5 times higher than those 
living in major cities. Considering these sobering statistics, it is important to know how 
young children growing up in these communities understand death. Unfortunately, to date 
very few studies examining children’s death concepts have examined rural children, 
particularly those living on farms, and those that have included them in their studies (for 
example Panagiotaki et al., 2014) have not examined this variable in any detail.  
Children growing up on farms are regularly exposed to the hardships of nature and the 
full spectrum of the life-cycle from fertilisation to birth, growth to death. Sickness and death 
are unfortunately a common occurrence among the livestock. This suggests that children 
growing up on farms in Australia have more direct experience of the biological realities of 
birth, life and death. Considering that children’s naïve biological understanding is acquired 
and developed through their everyday experiences and interactions, it may be that these 
children differ from more sheltered urban and suburban children in their understanding of 
death, as well as in their broader understanding of the biological world.  
This research is novel.  To date, only a few studies have compared rural and urban 
children’s knowledge of biology and none have focused on the concept of death.  For 
example, in Chapter 2 we discussed studies where comparisons of ecological reasoning by 
rural and urban children have revealed that children living in rural environments outperform 
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their counterparts from urban communities (Atran et al., 2004; Coley, 2012; Medin et al., 
2010; Ross et al., 2003; Waxman & Medin, 2007). Researchers tend to attribute these 
differences to the differential exposure to nature that these two groups receive. Furthermore, 
it has been suggested that parental input about nature may differ according to parents’ interest 
and knowledge about nature, and/ or their profession (Tarlowski, 2006; Williams & Smith, 
2006). As such, it is reasonable to assume that children living on Australian farms would also 
have superior knowledge, relative to their urban peers, of biological concepts, including 
death. Because children living on farms differ significantly in their experiences, daily 
activities, and conversations to their city counterparts, we suspect that children living on 
farms may differ from city children in their understanding of biology as a result of the holistic 
effects of living in such vastly different environments. This study seeks to explore this 
hypothesis.  
The purpose of this study is to explore whether rearing environment influences 
children’s biological and death concepts and, if so, provide an in-depth evaluation of how the 
development of the concept of death, including its 5 sub-concepts, is affected by living on a 
farm. Additionally, the inclusion of the biological knowledge tests of ecological reasoning 
and formal science knowledge, will allow contextualization and interpretation of any group 
differences in children’s death concepts. A comparison of death understanding to formal 
biological knowledge, which is primarily taught at school, and ecological reasoning, which 
has been associated with experience and expertise, will enable us to gain a better picture of 
how children’s biological concepts develop. 
As such this study will compare farm and urban children’s 1) informal biological 
knowledge (ecological reasoning); 2) overall understanding of death; 3) the rate and sequence 
in which the sub-concepts of death are acquired; and 4) formal biological knowledge. Several 
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covariates will also be examined. These will be parental education, parents’ religious belief, 
and socioeconomic status.  
Based on the findings of studies examining the influence of rearing environment and 
experiences with nature on biological concepts outlined in Chapter 2; specific directional 
hypotheses were generated for the present study.  
Firstly, based on the research outlined in Chapter 2, it is expected that children who 
live on farms will have more sophisticated biological knowledge, demonstrated through 
stronger ecological reasoning, than children who do not live on farms. Specifically, based on 
findings by researchers such as Coley and colleagues (Coley, 2000, 2012; Coley, Vitkin et 
al., 2005; Ross et al., 2003; Tarlowski, 2006), we predict that children living on farms will 
provide significantly more ecological responses than city children. Drawing from their 
research, it is also predicted that more ecological responses will be provided for the disease 
condition than the internal property condition.  
Secondly, based on previous research comparing differences between rural and city 
children’s understanding of biological concepts (Coley, Vitkin et al., 2005; Tarlowski, 2006; 
Williams & Smith, 2006), it is hypothesized that children who live on farms will have more 
sophisticated understandings of death than children who do not live on farms. Specifically, it 
is predicted that children living on farms will have higher death concept scores than children 
who do not live on farms.  
Thirdly, drawing on the suggestion by Panagiotaki, et al. (2018) that the acquisition of 
a biological understanding of irreversibility and cessation may have been underestimated in 
previous studies, the order of sub-concepts acquisition will be re-examined. Because there is 
little to no research comparing rural children’s death concept development in comparison to 
city children, it is unknown whether sub-concepts will be acquired at a similar rate and 
sequence to city children. Given that individual factors have been found to influence the rate 
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and order of sub-concept acquisition (Badenhhorst, 2010; Kenyon, 2001; Patterson, 2007), an 
exploratory analysis will be conducted to explore this possibility. 
Fourthly, given that researchers argue the difference between formal and informal 
learning on children’s understanding (Inagaki & Hatano, 2004, 2006, 2008), combined with 
research arguing that city and rural schools do not differ on science examinations (ACER, 
2002), we expect age rather than rearing location to covary with children’s formal science 
knowledge. Specifically, we expect significant improvements in knowledge as age increases, 
as the assessment is designed to measure the science curriculum covered across the first four 
years of schooling (Sadler et al., 2011).  
Finally, based on the findings of Study 1, and previous research exploring the 
development of children’s biological understanding, we expect to see children’s biological 
concepts of death and ecological reasoning strategies to increase with age. As such, we expect 
to see a significant increase in ecological responses in older children than their younger 
counterparts. We also expect children’s overall death understanding and individual sub-
concepts of death to become significantly more mature as children’s age increases.  
Results 
Results will be presented in the following order: results of the data screening and 
assumption tests will be outlined first. Then descriptive statistics will be discussed, and 
covariates explored. Finally, the results of the comparisons will be presented in four sections. 
Firstly, the possible effects of living on farms on ecological reasoning will be examined. 
Secondly, a comparison of farm and city children’s death understanding will be examined, 
with age and other covariates taken into account. Thirdly, we will examine the order in which 
sub-concepts are acquired, and whether differences in acquisition occur between farm and 
city children. Finally, formal science knowledge in farm and city children will be compared, 
with possible influential covariates identified in Study 1, taken into account. 
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Assumption Testing 
Before conducting the main analyses, we ran several tests to assess if the assumption 
of normality was met for each of the dependent variables of death understanding, ecological 
reasoning, and formal science knowledge for both groups of interest: farm and city. The 
Shapiro-Wilk test of normality was used to investigate whether the dependent variables were 
normally distributed for each group of the independent variable of rearing location. None of 
the dependent variables in the city group were found to be approximately normally 
distributed: ecological reasoning (𝑊𝑊 (69) =  .96,𝑝𝑝 < .05), death understanding (𝑊𝑊 (67) = .96,𝑝𝑝 < .05), and formal science knowledge (𝑊𝑊 (58) =  .86,𝑝𝑝 < .001). Likewise, none of 
the dependent variables in the farm group were found to be approximately normally 
distributed: ecological reasoning (𝑊𝑊 (83) =  .96,𝑝𝑝 < .05), death understanding (𝑊𝑊 (83) = .94,𝑝𝑝 < .001), and formal science knowledge (𝑊𝑊 (73) =  .92,𝑝𝑝 < .05). Further 
examination of the histograms (shown in Figures 8.1 and 8.2) supported the normality tests 
for formal science knowledge for both groups, with the distributions significantly positively 
skewed. However, the histograms indicated that both ecological reasoning and death 
understanding for both groups were normally distributed.  
Because the normality statistics conflicted with the visual data for the variables of 
ecological reasoning and death understanding, with the distributions appearing to be normal, 
a z-test was conducted to test normality using the skewness and kurtosis of the measures in 
order to resolve the conflicting information (Kim, 2013). The results of the z-tests for the 
skewness and kurtosis for the conflicting dependent variables of ecological reasoning and 
death understanding were calculated for the individual groups. These z-tests found that both 
ecological reasoning (city: 𝑧𝑧(𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠) = 0.75, 𝑛𝑛𝑝𝑝 and  𝑧𝑧(𝑠𝑠𝑘𝑘𝑝𝑝𝑝𝑝) = −1.11,𝑛𝑛𝑝𝑝; farm: 𝑧𝑧(𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠) =0.52,𝑛𝑛𝑝𝑝 and 𝑧𝑧(𝑠𝑠𝑘𝑘𝑝𝑝𝑝𝑝) = −1.18,𝑛𝑛𝑝𝑝) and death understanding (city: 𝑧𝑧(𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠) = −0.85,𝑛𝑛𝑝𝑝 
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and 𝑧𝑧(𝑠𝑠𝑘𝑘𝑝𝑝𝑝𝑝) = −0.77,𝑛𝑛𝑝𝑝; farm: 𝑧𝑧(𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠) = −1.82,𝑛𝑛𝑝𝑝 and 𝑧𝑧(𝑠𝑠𝑘𝑘𝑝𝑝𝑝𝑝) = −1.43, 𝑛𝑛𝑝𝑝) were 
normally distributed for both farm and city groups.  
As such, we conclude that ecological reasoning and death understanding are relatively 
normal for both groups, while children’s formal science knowledge is not normally 
distributed in either group. 
Missing Cases 
Missing cases for the main variables for each group are reported in Study 1. However 
additional missing cases by group for the additional socioeconomic and individual difference 
variables are reported in Table 8.1.  
Table 8.1 
Missing Cases for Ecological, Individual Differences and Experiential Variables 
Ecological and Experiential Variables City Farm Total 
SES 2 21 23 
Parental Education 0 16 16 
Parents’ religious belief 2 18 20 
Triad Condition 12 10 22 
 
Participants 
Due to the large number of missing cases, the samples used for each of the main 
variables of interest in the current study vary. As such, the analyses conducted in the current 
study only include participants with complete SDI, TIT and LSCQ data, as well as any 
additional variables being examined. As such, the samples for the analysis of ecological 
reasoning and formal science knowledge consist of 131 participants (58 city, 73 farm). Due 
to changes implemented following pilot testing, data from the 21 participants who took part 
in the pilot testing were not included in these analyses.  The current sample consisted of 
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thirty-eight 4-year-olds (21 city, 16 farm), twenty-seven 5-year-olds (15 city, 12 farm), 
nineteen 6-year-olds (9 city, 10 farm), and forty-seven 7- and 8- year-olds (12 city, 35 farm). 
The mean age of each age group did not differ to that of the overall sample.  
For the follow up analysis of children’s formal science knowledge irrespective of 
children’s rearing location, children were grouped into five groups according to their age in 
years. This enabled us to determine whether any changes observed in the oldest group was 
consistent across the two years, and to ensure that any significant increases in knowledge in 
this group did not reflect the combination of children across three grades. The demographic 
information for these age groups can be seen in Table 8.2. 
Table 8.2 
Children’s Mean Ages and Standard Deviations Across Age Groups by Year 
Age (years) N M SD CI 95% 
4 38 54.00 3.63 52.81, 55.19 
5 27 65.00 3.01 63.81, 66.19 
6 19 77.37 3.34 75.76, 78.98 
7 30 89.43 3.29 88.21, 90.66 
8 17 100.76 3.87 98.78, 102.75 
Note: CI – Confidence Interval, Means and Standard Deviations are in months 
For the death interview, there were initially 151 (68 city, 83 farm) participants with 
complete data, of whom only 123 (63 city, 60 farm) were found to have complete data for all 
of the variables included in the main analysis. However, an examination of the demographic 
characteristics of these samples found that these subgroups do not differ significantly from 
the original sample across rearing location, mean age, parental education, SES, or religious 
beliefs. 
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Descriptive Statistics 
The means and standard deviations for the main variables: death understanding, 
ecological reasoning, and formal science knowledge, for each group are illustrated in Table 
8.3. Additionally, the means and standard deviations for each of the sub-concepts of death 
understanding: inevitability, applicability, irreversibility, causality, and cessation; are also 
outlined 
Table 8.3 
Descriptive Statistics of the main variables of Study 2 
Variables City Farm 
 N M (SD) N M (SD) 
Age 69 67.80 (15.03) 83 77.16 (17.06) 
Overall Death Understand 68 6.25 (2.07) 83 6.87 (2.21) 
Inevitability 69 1.75 (.50) 83 1.75(.51) 
Applicability 68 1.03 (.62) 83 1.16 (.92) 
Irreversibility 69 1.61 (.65) 83 1.70 (.62) 
Cessation 69 1.46 (.72) 83 1.67 (.63) 
Causality 69 0.39 (.67) 83 0.57 (.74) 
Ecological Reasoning 69 3.79 (2.08) 83 4.27 (1.72) 
Formal Science Knowledge 58 4.83 (4.40) 73 7.01 (5.06) 
Note:  Age is represented in months, with a range of 47 – 107 months.  Children’s scores for 
the overall death concept ranged from 2 – 10, and the range for individual sub-concepts is 0 – 
2. Children’s scores for ecological reasoning ranged from 0 to 9, and for formal science 
knowledge ranged from 0 to 21 (maximum score = 24). 
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Dependent Variables 
Understanding of Death 
Children’s scores for the overall death concept ranged from 2 – 10 for both groups.  
City children had a mean score of 𝑀𝑀 =  6.34 (SD =  2.02, 95% CI [5.85,6.84]), while farm 
children had a mean score of 𝑀𝑀 =  6.87 (SD =  2.12, 95% CI [6.38, 7.35]). Overall, only 
four city children and 10 farm children demonstrated a mature understanding of death 
(scoring 10 on the SDI and thus indicating a fully biological understanding of death), while 
no children demonstrated a complete failure to understand death (indicated by a score of 0), 
suggesting some understanding of the biological nature of death.  
Children’s scores for the individual sub-concepts ranged from 0 to 2. Overall, the 
majority of both farm and city children demonstrated a mature understanding of inevitability 
(76.8% and 79.5%, respectively), irreversibility (68.1% and 79.5%, respectively), and 
Cessation (56.5% and 78.3%, respectively). However, only 42.6% of city children 
demonstrated a mature understanding of applicability, with 50% demonstrating no mature 
understanding. Alternately, 55.4% of farm children demonstrated a mature understanding of 
applicability, with 30.1% demonstrating no mature understanding. Finally, only 6 of the city 
children demonstrated a complete understanding of causality, while 13 (15.7%) of the farm 
children had mastered their biological concept of causality. In both groups, the majority of 
children scored 0 indicating that they had not begun to understand the biological aspects of 
causality (city: 71%, farm: 57.8%).  
Ecological Reasoning 
Children’s scores for ecological reasoning (reflected by the number of ecological 
choices made on the TIT) ranged from 0 to 8 for city children with a mean score of 𝑀𝑀 = 3.70 (SD =  1.99, 95% CI [3.22, 4.17]), and 0 to 9 for farm children, with a mean score of 
𝑀𝑀 =  4.07 (SD =  1.76, 95% CI [3.69, 4.46]).  
CHILDREN’S BIOLOGICAL CONCEPTS 188 
Formal Science Knowledge 
Children’s formal science knowledge scores ranged from 0 to 21 (maximum score = 
24). Overall, city children scored a mean score of 𝑀𝑀 = 4.83 (SD = 4.40,95% CI [3.67, 5.98]), while farm children scored on average: 𝑀𝑀 = 7.01 (SD = 5.06,95% CI [5.83, 8.19]). 
Subject Variables 
Parents’ Religious Belief 
Of the families who indicated their religious beliefs, approximately 75% of farm 
children (n = 49) and 58.2% of city children (n = 39) came from families where at least one 
parent identified as religious (e.g. Catholic, Anglican, Lutheran, etc.), with the remaining 
children coming from families whose parents identified as not being religious (city: 41.8%, 
farm: 24.6%).  
Comparisons of Farm and City Groups 
Ecological Reasoning 
As previous studies have found that age, location, and the types of properties being 
reasoned about have significant effects on children’s ecological reasoning, we conducted an 
ANOVA in order to examine the main effects and interactions among these factors. A 2 (farm 
versus city) x 2 (disease versus internal properties) x 4 (4 years, 5 years, 6 years, and 7 – 8-
years) factorial ANOVA was conducted on total number of ecological inferences. The result 
of the analysis can be seen in Table 8.4. 
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Table 8.4 
ANOVA for the Effects of Age, Location and Property Type on Children’s Ecological 
Reasoning 
 df F p ƞ𝑝𝑝2  
Main Effects     
Age 3 1.55 .205  .039 
Location 1 4.04 .047* .034 
Property Condition 1 5.85 .017* .049 
Interactions     
Age x Location 3 .48 .697  .012 
Age x Property Condition 3 .19 .902  .005 
Location x Property Condition 1 .44 .509  .004 
Age x Location x Property Condition 3 1.83 .146  .046 
Note:  n = 130 
* p < .05 
A significant main effect of location was found for ecological reasoning, 𝐹𝐹(1,130) =4.04,𝑝𝑝 < .05,  𝜂𝜂𝑝𝑝2 = .034, with farm children making significantly more ecological responses 
(𝑀𝑀 = 4.27, 𝑆𝑆𝑆𝑆 =  2.08) than city children (𝑀𝑀 = 3.79, 𝑆𝑆𝑆𝑆 = 1.72 ). Farm children showed a 
significantly stronger preference for ecological reasoning than city children across all ages, 
and irrespective of property type.  
A significant main effect of property condition was also found for ecological 
reasoning, 𝐹𝐹(1, 130) = 5.85, 𝑝𝑝 < .05, 𝜂𝜂𝑝𝑝2 = .049, with participants making significantly 
more ecological responses when reasoning about a disease (𝑀𝑀 = 4.45, 𝑆𝑆𝑆𝑆 = 1.99 ) than an 
internal property (𝑀𝑀 =  3.71, 𝑆𝑆𝑆𝑆 = 1.74). No significant effect was detected for age, 
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𝐹𝐹(3,130) = 1.55,𝑝𝑝 = .205, 𝜂𝜂𝑝𝑝2 = .034. Nor were any significant interactions detected, 
all 𝐹𝐹𝑝𝑝 >  2,𝑝𝑝𝑝𝑝 > .05. 
Understanding of death 
Previous studies have consistently found a significant influence of age on children’s 
understanding of death. Therefore, when examining whether farm and city children differ in 
their understanding of death, it was necessary to take into account effect of age. In addition, 
we decided to include the sociocultural and demographic factors identified in Study 1 as 
being significantly associated with children’s overall understanding of death as well. 
Although not significantly associated with children’s overall understanding of death, SES was 
found to be significantly associated with their understanding of inevitability. As such, it was 
decided to include it as a possible nuisance variable. Thus, the variables of location, age, 
parents’ education, parents’ religious belief, and SES were included in the analysis.  
An initial examination of the relations between the variables indicated that significant 
correlations existed between children’s age, location, and parental education. Therefore, it 
was necessary to take into account any interactions between these factors when conducting 
the main analyses.  Because no significant interaction was observed between these variables 
and parents’ religious belief or SES, these variables were included as covariates.  
A 2 (farm versus city) x 4 (4 years, 5 years, 6 years, and 7 – 8-years) x 3 (high school, 
trade certificate or diploma, and bachelor degree or higher) mixed model ANOVA was 
conducted to compare the main effects and interactions of location, age, and parental 
education on overall understanding of death, whilst controlling for the effects of SES and 
parents’ religious belief. As can be seen in Table 8.5, the analysis revealed several significant 
main effects. 
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Table 8.5 
Mixed Model ANOVA Exploring the Factors of Age, Location, Parental Education, Parents’ 
Religious Belief, and Socioeconomic Status on Death Understanding  
Variables df F p ƞ𝑝𝑝2  
Main Effects     
Age 3 10.86 .000*** .252 
Location (Farm vs City) 1  6.70 .011* .065 
Parental Education 2  1.51  .225 .030 
Parents’ Religious Belief 1  7.13 .009** .068 
Socioeconomic Status 1  2.47 .066 .071 
Interactions     
Age x Location 3  0.74 .532 .022 
Age x Parental Education 6  1.99 .075 .109 
Location x Parental Education 2  4.83 .010** .091 
Age x Location x Parental Education 4  2.12 .084 .080 
Note:  n = 123,  
* p < .05, ** p < .01, *** p < .001 
Parents’ religious belief was found to have a significant main effect (𝐹𝐹(1,123) =7.13,𝑝𝑝 < .01,  𝜂𝜂𝑝𝑝2 = .07), with children whose parents identified as having no religious belief 
(𝑀𝑀 = 7.00, 𝑆𝑆𝑆𝑆 = .32) having a more sophisticated understanding than children with at least 
one parent who was religious (𝑀𝑀 = 6.53, 𝑆𝑆𝑆𝑆 = .22). However, socioeconomic status was not 
found to have a significant effect on children’s death understanding.   
When covariates were taken into account, a significant main effect of age was found 
in children’s death concept understanding (𝐹𝐹(3,123) = 10.86, 𝑝𝑝 < .001, 𝜂𝜂𝑝𝑝2=.25). As can be 
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seen in Table 8.6, as children grew older, their understanding of death became increasingly 
more sophisticated.  
Table 8.6 
Comparison of Children’s Death Understanding by across Age Groups, with all covariates 
Controlled 
Age N M (SE) 95% CI 
4 years 35 4.82 (.36) 4.11, 5.52 
5 years 28 6.13 (.46) 5.52, 7.05 
6 years 23 6.05 (.48) 5.10, 7.00 
7 & 8 years 38 7.98 (.31) 7.36, 8.60 
Note: Children’s scores for the overall death concept could range from 0 – 10, with higher 
scores reflecting a more mature understanding of death, CI – Confidence Interval 
Post hoc analyses using pairwise comparisons of estimated marginal means with 
Bonferroni adjusted levels for significance found that 7- and 8-year-old children had 
significantly more sophisticated death concepts than any of the other age groups (ps < .05). 
No significant differences were detected between 4-, 5-, or 6-year-olds. Even so, a small 
increase could be observed between the 4-year-olds and 5-year-olds; while no noticeable 
difference existed between the 5- and 6-year-old groups. This pattern was also observed 
within farm and city children’s death concept development (as can be seen in Table 8.7). 
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Table 8.7 
Comparison of Children’s Death Understanding by Rearing Location across Age Groups, 
with Parents’ Religious Belief and SES Controlled 
Age City Farm 
N M (SE) CI 95% N M (SE) CI 95% 
4 years 22 4.41 (.50) 3.41, 5.41 12 5.48 (.49) 4.51, 6.46 
5 years 18 5.68 (.67) 4.35, 7.02 10 6.60 (.65) 5.31, 7.89 
6 years 12 5.40 (.68) 4.04, 6.76 11 6.72 (.65) 5.43, 8.00 
7 & 8 years 11 7.72 (.63) 6.47, 8.96 27 8.15 (.31) 7.54, 8.76 
Total 63 5.63 (.32) 4.99, 6.27 60 6.85 (.28) 6.30, 7.40 
Note: Children’s scores for the overall death concept could range from 0 – 10, with higher 
scores reflecting a more mature understanding of death 
A small yet significant difference was found between farm and city children’s overall 
understanding of death (𝐹𝐹(1,123) = 6.70,𝑝𝑝 = .011, 𝜂𝜂𝑝𝑝2 = .06). Further examination of the 
estimated marginal means (as shown in Table 8.7) shows that farm children demonstrated 
significantly more sophisticated death understanding than city children (𝐹𝐹(1,99) = 8.293,  p 
< .005, 𝜂𝜂𝑝𝑝2 = .077), and that this difference could be observed across all age groups.  
Although parental education was not found to have a significant independent effect on 
children’s death concepts (𝐹𝐹(2,123) = 1.51,𝑛𝑛𝑝𝑝.), a significant interaction effect was detected 
between rearing location and parental education, 𝐹𝐹(2,123) = 4.83, 𝑝𝑝 = .010,  𝜂𝜂𝑝𝑝2 = .09.  
  
CHILDREN’S BIOLOGICAL CONCEPTS 194 
Table 8.8 
Comparison of Children’s Death Understanding According to Parent’s Highest Level of 
Education by Rearing Location 
Parental Education 
City Farm 
N M (SE) N M (SE) 
High School  6 4.57 (.69) 17 6.89 (.76) 
Trade certificate or diploma 7 5.16 (.63) 33 7.06 (.32) 
Bachelor degree or higher 51 6.94 (.23) 74 6.55 (.38) 
Total 64 5.59 (.32) 124 6.83 (.27) 
Note:  Estimated means after controlling for the covariates of age, parents’ religious belief 
and SES 
As can be seen in Figure 8.3, parental education had a significant influence on city 
children’s death concepts, but not on farm children’s understanding. Specifically, city 
children whose parents had a bachelor’s degree or higher demonstrated a significantly better 
understanding of death, than city children whose parents held a trade certificate or diploma 
(𝑝𝑝 = .003), and city children whose parents had a high school level education (𝑝𝑝 = .045). 
However, as can be seen in Table 8.8 and Figure 8.3, parental education was not found to 
have any significant effect on farm children’s understanding of death, with children’s overall 
understanding not differing significantly across parent’s different levels of education.  
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Figure 8.3. Comparison of children’s death understanding according to parental education 
level and rearing location, controlling for covariates of parents’ religious belief 
and SES. Error Bars represent Confidence Intervals 95% 
Finally, a comparison of farm and city children whose parents had the same level of 
education revealed that farm children whose parents had a high school education had 
significantly more mature death concepts than their city counterparts (𝑝𝑝 = .024). A similar 
difference was observed between farm and city children whose parents held a trade certificate 
or diploma (𝑝𝑝 = .013), with farm children showing more sophisticated understanding. No 
significant difference was observed between farm and city children whose parents held a 
bachelor’s degree or higher.  
No significant interaction effects were detected between either age and parental 
education, (𝐹𝐹(6,123) = 1.99,𝑝𝑝 = .075,  𝜂𝜂𝑝𝑝2 = .11) nor age and location (𝐹𝐹(3,123) =.74,𝑝𝑝 = .532,  𝜂𝜂𝑝𝑝2 = .02) on death understanding.  
Sub-concept Acquisition 
 Given that previous studies have suggested that ecological factors and cultural 
differences can result in a difference in the order of sub-concept acquisition, we first explored 
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whether any differences exist in the order in which farm and city children acquire each sub-
concept. As can be seen in Table 8.3, we found that both farm and city children first acquired 
an understanding of inevitability (city: 𝑀𝑀 = 1.72 (. 54), farm: 𝑀𝑀 = 1.77 (. 48)), followed 
closely by irreversibility (city: 𝑀𝑀 = 1.58(. 67), farm: 𝑀𝑀 = 1.72 (. 59)) and cessation (city: 
𝑀𝑀 = 1.41 (. 75), farm: 𝑀𝑀 = 1. 72(. 57)). They then acquired an understanding of 
applicability (city: 𝑀𝑀 = 0.93 (. 97), farm: 𝑀𝑀 = 1.25 (. 89)), with causality (city: 𝑀𝑀 =0.38 (. 64), farm: 𝑀𝑀 = 0.58 (. 75)) taking the longest to acquire.  
Previous studies have identified a significant effect of age on children’s sub-concepts 
of death. As such, in order to examine whether farm and city children differ in their 
understanding of death, it was necessary to take into account the effect of age. 
Because the understanding of the individual sub-concepts of death are interrelated, we 
conducted a 5 (sub-concepts) x 2 (farm versus city) x 4 (4 years, 5 years, 6 years, and 7 – 8-
years) MANOVA to explore the effects of location and age on children’s acquisition of each 
sub-concept of death.  
As can be seen in Table 8.9 a small yet significant difference was found between farm 
and city children’s understanding of the cessation of bodily function upon death (F(1,143)  = 5.94, p = .016,ɳ𝑝𝑝2 = .04). Post hoc analyses using pairwise comparisons of estimated 
marginal means with Bonferroni adjusted levels for significance found that farm children 
demonstrated significantly more sophisticated death understanding (M = 1.72, SE = 0.08, 95% CI [1.58 1.87]) than city children (M = 1.45, SE = 0.08, 95% CI [1.29, 1.61]). 
Rearing location was not found to have any significant effect on the sub-concepts of 
inevitability, applicability, irreversibility, or causality (all ps > .05, Fs < 3). However, slight 
differences could be observed between farm and city children’s performance on applicability, 
irreversibility, and causality; with farm children generally performing better than their city 
counterparts (refer to Table 8.3).  
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Table 8.9 
MANOVA for the Factors of Age and Location on Each Sub-Concept of Death 
Variables df F p ƞ𝑝𝑝2  
Inevitability      
Age 3 1.86 .139 .038 
Location 1 0.12 .731 .001 
Interaction 3 1.71 .168 .035 
Applicability     
Age 3 7.57*** .000 .137 
Location 1 0.38 .540 .003 
Interaction 3 1.39 .247 .028 
Irreversibility     
Age 3 2.65 .051 .053 
Location 1 0.86 .354 .006 
Interaction 3 0.75 .521 .016 
Cessation      
Age 3 4.20** .007 .081 
Location 1 5.94* .016 .040 
Interaction 3 0.57 .638 .012 
Causality     
Age 3 5.25** .002 .099 
Location 1 0.04 .844 .000 
Interaction 3 1.36 .258 .028 
Note:  * p < .05, ** p < .01, *** p < .001 
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When rearing location was taken into consideration, age was found to have a 
significant main effect on the sub-concepts of applicability, causality, and cessation (all ps 
< .01). No significant effect of age was detected for inevitability or irreversibility. However, 
the effect of children’s age on irreversibility was close to significance (p = .053). we first 
discuss the findings of the effect of age on the sub-concept of cessation, which was the only 
sub-concept found to be significantly influenced by children’s rearing location.  
A significant main effect of age was found in children’s understanding of 
cessation, F(1,143)  =  4.20, p = .007,ɳ𝑝𝑝2 = .08. Post hoc analyses using pairwise 
comparisons of estimated marginal means with Bonferroni adjusted levels for significance 
found a significant difference between children aged 4 years and both 5-year-olds (p < .005) 
and 7 – 8-year-olds (p < .05), with the older children demonstrating a significantly more 
mature understanding of cessation than their younger counterparts. No significant differences 
were detected between any of the other age groups. Nor were any interaction effects 
observed. To determine whether the effects of age were primarily driven by the youngest 
children, the analysis was repeated with a new dichotomous age group comparing 4-year-olds 
with all other age groups.  This analysis confirmed that the sub-concept of cessation was 
significantly less sophisticated in 4-year-olds compared to the older age groups.  
Since rearing location was not found to contribute significantly to the acquisition of 
the remaining sub-concepts, separate one-way ANOVAs conducted to re-examine the effect 
of age alone on sub-concept development. Since the effect of age on inevitability and 
causality had already been explored further in Study 1, we only examined the effect of age on 
the sub-concepts of irreversibility and applicability. These analyses confirmed that children’s 
age has a significant main effect on their understanding that death is irreversible (𝐹𝐹(3,151) =3.51,𝑝𝑝 = .017) and that all living things can die (𝐹𝐹(3,150) = 11.48,𝑝𝑝 < .001), with 
children’s understanding becoming more mature as their age increased.  
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Cessation 
Following on from this, we conducted a hierarchical regression in order to further 
explore how rearing location, age, as well as parents’ religious belief, which was found to be 
significantly associated with cessation in Study 1, influence the development of children’s 
understanding of cessation. As such, the variables of location, parents’ religious belief and 
whether children were aged 4 or older were entered using the stepwise method. The 
significant findings of the analysis are reported in Table 8.10. 
Whether or not children were aged 4 years or older was entered into the equation at 
step 1. The results indicated that children’s age was a significant predictor of children’s 
understanding of cessation (𝐹𝐹(1,130) = 11.61,𝑝𝑝 = .001, 𝐴𝐴𝑑𝑑𝐴𝐴.  𝑅𝑅2 = .08), accounting for 
8% of the variance in children’s cessation understanding. Children who were 4-years of age 
had significantly less mature understandings of cessation than children aged 5 to 8 years.  
Rearing location was entered at step 2. The resulting equation was significant  
∆𝐹𝐹(1,129) = 5.56, 𝑝𝑝 < .020, 𝐴𝐴𝑑𝑑𝐴𝐴.  𝑅𝑅2 = .011, indicating that children’s rearing 
location was a significant predictor of children’s understanding of cessation, accounting for 
another 4% of the variance in children’s understanding.   
Whether or not families were religious was added to the model at step 3, resulting in a 
significant improvement in the prediction of cessation understanding, ∆𝐹𝐹(1,128) =8.36,𝑝𝑝 < .011,  ∆𝑅𝑅2 = .04, 𝐴𝐴𝑑𝑑𝐴𝐴.𝑅𝑅2 = .14.  As can be seen in Table 8.10, when added to the 
model, religious belief explained a further 4% of the variance in understanding.  
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Table 8.10 
Hierarchical Multiple Regression Equations of Predictors of Children’s Understanding of the Cessation of Death  
Step and Variables 𝐵𝐵 𝑆𝑆𝑆𝑆 𝐵𝐵 𝛽𝛽 𝑝𝑝 𝑅𝑅2 Adj. 𝑅𝑅2 ∆𝑅𝑅2 ∆𝐹𝐹 
Step 1a     .082 .075 .082 11.61*** 
Age Groupb .42 .12 .29 3.41***     
Step 2     .120 .106 .038 5.56* 
Age Group .37 .12 .25 3.01**     
Locationc .26 .11 .20 2.36*     
Step 3     .16 .14 .04 6.73 
Age Group .37 .12 .25 3.08**     
Location .31 .11 .24 2.83**     
Parents’ Religious Beliefd -.30 .1 -.21 -2.59*     
Note: N = 131, 
 a 𝑑𝑑𝑑𝑑 = 1,130, b𝑐𝑐𝑐𝑐𝑑𝑑𝑠𝑠𝑑𝑑 0 = 4 𝑦𝑦𝑠𝑠𝑝𝑝𝑝𝑝 𝑐𝑐𝑝𝑝𝑑𝑑𝑝𝑝, 1 = 5 – 8- year-olds,  c𝑐𝑐𝑐𝑐𝑑𝑑𝑠𝑠𝑑𝑑 0 = 𝑐𝑐𝑝𝑝𝑝𝑝𝑦𝑦, 1 = 𝑑𝑑𝑝𝑝𝑝𝑝𝑓𝑓,  d coded 0 = non − religious, 1 = religious   ∗ 𝑝𝑝 < .05,∗∗ 𝑝𝑝 < .005 ∗∗∗ 𝑝𝑝 < .001 
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The final model combined children’s age, rearing location and religious belief to 
significantly predict children’s understanding of cessation: 𝐹𝐹(3,128) = 8.36, 𝑝𝑝 < .001. 
These three variables combined accounted for approximately 16% of the total variance in 
children’s understanding of cessation. Examination of individual Beta-weights in the final 
model provides a clearer picture of how these variables influence children’s understanding.  
The positive relationship between whether or not children were 4 years or older (𝛽𝛽 =.25) with the children’s cessation sub-concept indicates that children aged 5 to 8 years had 
significantly more mature understandings of cessation than 4-year-olds. Similarly, the 
positive association between children’s rearing location (𝛽𝛽 = .24) and children’s 
understanding of cessation indicates that farm children had more mature concepts of 
cessation. Inversely, the negative Beta weight of parents’ religious belief (𝛽𝛽 = −.21), 
indicates that children whose families are not religious have a more mature understanding of 
cessation than children whose families are religious.  
Formal Science Knowledge 
Given the strong correlation between children’s science knowledge and age, when 
comparing farm and city children’s knowledge the effects of age need to be taken into 
account. We conducted a 2 (farm versus city) x 4 (4 years, 5 years, 6 years, and 7 – 8-years) 
factorial ANOVA in order to examine the possible influence of age and location on children’s 
formal science knowledge. 
A significant effect of age was found in children’s Formal Science Knowledge, 
𝐹𝐹(3,132) = 25.07,𝑝𝑝 < .001, 𝜂𝜂𝑝𝑝2 = .38,  with childrens performance increasing with age.  No 
significant difference was detected between farm and city children’s formal science 
knowledge, 𝐹𝐹(3,132) = .004,𝑝𝑝 = .950, 𝜂𝜂𝑝𝑝2 = .001. Nor was any significant interaction 
effect observed, 𝐹𝐹(3,132). 59,𝑝𝑝 = .62, 𝜂𝜂𝑝𝑝2 = .014. However, as can be seen in Table 8.11, 
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farm children tended to perform slightly better than their city counterparts, with this 
difference being most notable in the youngest age groups. 
Table 8.11 
Estimated Means and Standard Error for Children’s Formal Science Knowledge by Age 
Group 
Age Group 
City Farm 
N M (SE) 95% CI  N M (SE) 95% CI  
4 years 22 2.14 (.80) 0.55, 3.72 16 3.13 (.94) 1.27, 4.98 
5 years 15 3.93 (.97) 2.01, 5.85 12 4.25 (1.08) 2.10, 6.40 
6 years 9 6.44 (1.25) 3.97, 8.92 10 5.20 (1.19) 2.85, 7.55 
7 & 8 years 12 9.67 (1.08) 7.52, 11.81 35 10.26 (.64) 9.00, 11.51 
 
To explore the effect of age in greater detail and ensure that any significant increases 
observed in the oldest age group did not reflect the combination of children across two years 
of development (and equating to three school grades), we repeated the analysis using 
children’s age in years. Given that children’s formal science knowledge did not differ by 
rearing location, a one-way ANOVA was conducted to compare children’s formal science 
knowledge across the different ages in years. Children’s age was found to have a significant 
main effect on children’s formal science scores (𝐹𝐹(4,131) = 25.02,𝑝𝑝 < .001, 𝜂𝜂𝑝𝑝2 = .44), 
with older children demonstrating greater formal science knowledge. 
  
CHILDREN’S BIOLOGICAL CONCEPTS 203 
Table 8.12 
Means and Standard Deviations for Children’s Formal Science Knowledge by Age in Years 
 
 
 
 
 
 
 
Post hoc analyses using pairwise comparisons of estimated marginal means with Bonferroni 
adjusted levels for significance found that while children’s formal science knowledge did 
improve consistently across each age group (as can be seen in Table 8.12), the difference in 
formal science knowledge  was only significant between children aged 4- and 6-years-old 
(𝑝𝑝 = .016), between both 4- and 5-year-olds and the 7-year-olds, and between the 8-year-
olds and 4-, 5-, and 6-year-olds (all 𝑝𝑝𝑝𝑝 < .001).  
Discussion 
The aim of this study was to perform a novel comparison of farm versus city 
children’s informal and formal biological knowledge.  We start by exploring children’s 
understanding of death, a biological concept which has not been previously compared across 
rural and city children living in the same culture. We then discuss the results of our 
comparison of ecological reasoning and finally formal science understanding.  
Children’s Understanding of Death 
We started by exploring whether any differences existed in the development of farm 
and city children’s death understanding. Based on the literature, we made several hypotheses 
regarding the development of children’s death concepts. Firstly, it was hypothesized that 
Age (years) N M (SD) CI 95% 
4 38 2.55 (2.63) 1.69, 3.42 
5 27 4.07 (2.59) 3.05, 5.10 
6 19 5.79 (2.28) 4.69, 6.89 
7 30 9.53 (5.04) 7.65, 11.42 
8 17 11.12 (5.41) 8.34, 13.90 
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children living on farms would have more sophisticated understandings of death than children 
who do not live on farms, demonstrated by significantly higher scores on the standard death 
interview. Secondly, we expected children’s death understanding to become more mature as 
they grew older.  
Given that we identified several individual and socioeconomic factors which 
correlated significantly with children’s death concepts in Study 1, we decided to include the 
variables of SES and parents’ religious belief as possible covariates. Considering that there 
was a strong correlation and a clear sample bias of parental education between the city and 
farm children, it was decided that parental education would be included as part of the main 
analysis, rather than as a covariate.  
Consistent with our initial hypothesis, a significant, though small, difference was 
detected between farm and city children’s understanding of death, with farm children 
demonstrating more mature death concepts than their city counterparts. Although small, this 
suggests that factors associated with living on farms can influence children’s biological 
concept formation. However, this difference became clearer once the interaction between 
rearing location and parental education was examined. 
As expected, age was found to be the strongest predictor of children’s death 
understanding, with older children demonstrating more mature death concepts than their 
younger counterparts. However, a closer examination of the development of children’s 
overall understanding of death across the different age groups revealed that while children’s 
understanding did improve slightly between the ages of 4 and 5, no notable changes were 
observed between the age of 5 and 6 years, with a significant improvement observed in 7- 
and 8-year-olds.  
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Figure 8.3. Comparison of children’s death understanding by age, controlling for covariates 
of parents’ religious belief and SES. Error Bars represent Confidence Intervals 
95% 
 
 As can be seen in Figure 8.3, once children reached a death interview score of 
approximately six (generally indicating a mature understanding of the three easier sub-
concepts of inevitability, cessation and irreversibility) between the ages of 5 and 6 years, then 
their death concepts appeared to undergo no further or notable changes until the age of 7 -8 
years.  Comparison of the scores for 7- versus 8-year-olds, conducted to ensure this 
improvement was not due to this age group spanning across two years of development, 
revealed that there was no difference between 7- and 8- year-olds’ understanding.  
This finding is consistent with the findings reported by Panagiotaki et al. (2018) and 
Hopkins (2014). These studies found no significant differences in children’s death 
understanding in 4 – 5-year-olds and 6 – 7-year-olds. However significant differences were 
detected between 4 – 5- year-olds and children aged 8 and over. Furthermore, Panagiotaki et 
al. reported that similar responses for the individual sub-concepts were observed among 
children aged 6 – 9 years.  
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Our results suggest that children’s understanding undergoes a significant shift between 
6 to 8 years which enables children’s death understanding to develop further. However, we 
cannot determine whether this pattern is due to developmental or external factors.  
Based on previous research, the most likely explanation for this trend is that children’s 
understanding of death reaches a point at which the maturation does not proceed further until 
new information necessary for acquiring the more complex aspects of death are incorporated 
into their naïve biological theory. We further discuss possible explanations for these findings 
in the general discussion.  
While no significant effect of socioeconomic status was observed, parents’ religious 
belief was found to be a significant covariate of children’s understanding of death. Further 
examination of children’s performance showed that children whose parents were not religious 
or considered themselves to be atheists, had more mature death concepts, than children who 
had at least one parent who identified as religious. This finding is consistent with previous 
observations (Bonoti et al., 2013; Candy-Gibbs et al., 1985; Panagiotaki et al., 2018; 
Rosengren et al., 2014b; Tallmer et al., 1974) that children who live in religious families have 
lower overall death concept scores than children whose parents are non-religious.  
One possible explanation for this difference could be due to a difference in the content 
or frequency of religious and biological explanations provided by parents depending on their 
religious beliefs. This possible influence is discussed further in Study 3 and explored in 
relation to children’s developing biological theories in the general discussion.  
Alternatively, this finding could indicate that, despite attempts to delineate 
religious/spiritual from biological understanding, the current death concept interview requires 
further adaptation to ensure that responses accurately reflect children’s biological 
understanding and are not influenced by religious responses. We discuss this concern in 
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greater detail as part of a discussion of the limitations with the current SDI in the general 
discussion. 
Parental education alone was not found to have a significant influence on children’s 
death understanding. However, as can be seen in Figure 8.3, parental education was found to 
significantly interact with children’s rearing location, with parental education resulting in 
significant differences in city children’s overall understanding of death. However, no such 
interaction was observed in the farm children, with children from all different levels of 
education demonstrating a similar death understanding. Overall, we found that the death 
understanding of all farm children, irrespective of parents’ education, and city children whose 
parents have a bachelor’s degree or higher were relatively similar, with the only differences in 
understanding existing in the city children whose parents had lower education levels.  This 
suggests that the overall difference between farm and city children in general is a product of 
the variability in understanding depending on parents’ level of education.  
These findings could indicate that children living on farms benefit from 
environmental factors which result in them acquiring a more sophisticated understanding of 
death than the average child. However, it could also be that the scores observed in the farm 
children and city children with the highest parental education represent a baseline, and that 
the lower scores observed in city children whose parents have a high school or trade may 
instead be a product of factors associated with living in cities.  We explore possible 
explanations for why parental education has such a strong influence on city children, but not 
farm children’s, understanding of death in the general discussion. 
Despite the differences observed between the farm and city groups, this finding is 
consistent with the recent finding of Panagiotaki et al. (2018) who found parental education 
to be significantly related to children’s overall understanding of death in a sample of urban 
children. We discuss these observations in greater detail and draw on research into children’s 
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naïve biological understanding to provide possible explanations and implications of these 
findings in the general discussion. 
Sub-concepts of Death 
Based on recent research, the order in which the sub-concepts of death were acquired 
was re-examined. This analysis revealed that, contrary to previously established findings and 
consistent with the argument put forth by Panagiotaki et al. (2018), the sub-concepts of 
applicability and cessation were acquired at different rates than previously thought. Analysis 
revealed that, irrespective of where they lived, children acquired an understanding of 
inevitability of human death first, followed by irreversibility, and cessation, while 
applicability and finally causality took longer to acquire. This suggests that cessation emerges 
earlier than previously thought and is acquired around the same time as irreversibility and 
inevitability. It further highlights the possibility that previous research has underestimated 
children’s understanding of cessation, and possibly irreversibility, due to the incorrect coding 
of religious responses and beliefs as reflecting a failure to understand the biological nature of 
death. This suggests a need to further explore this possibility, and to further ensure that 
similar coding decisions are not suppressing the true nature of children’s death concept 
development as a result of methodological issues or misconceptions.   
Before exploring the comparison of children’s sub-concepts by rearing location, we 
examine the findings of our analysis of the influence of children’s age on the development of 
their individual sub-concepts. Consistent with expectation, children’s understanding of 
applicability, causality, irreversibility, and cessation were significantly influenced by their 
developmental age, with older children demonstrating more sophisticated concepts.  
Because rearing location was not found to have any significant effects on children’s 
understanding of irreversibility, we conducted a separate ANOVA to determine whether any 
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significant age differences do exist in children’s irreversibility concepts. This analysis found a 
significant main effect of age, with older children demonstrating more mature concepts. 
It was further hypothesized that individual sub-concept understanding may differ 
between farm and city children. Our analysis revealed that only the sub-concept of cessation 
differed significantly between farm and city children, with farm children demonstrating a 
more mature understanding of the cessation of bodily functions. Furthermore, when age, 
rearing location and parents’ religious belief were explored further, rearing location was 
found to be the second strongest predictor of children’s understanding of cessation.  
While children’s age was found to have a main effect on children’s understanding of 
cessation, closer examination revealed that thus understanding underwent a significant shift 
between 4 and 5 years of age. Further analysis revealed that whether a child was 4 years or in 
an older age group was the strongest predictor of their understanding that death results in the 
cessation of bodily functions. This indicates that in general children’s understanding of the 
cessation of bodily functions after death is reconceptualised into a more mature 
understanding around 4 years of age.  
Parents’ religious belief was found to be a significant influence on cessation, with 
children from families with at least one religious parent demonstrating a poorer grasp of the 
cessation of bodily functions than children whose parents did not identify with any parents’ 
religious belief. This could indicate that there is a further need to ensure that children’s 
responses are being clearly delineated from biological and religious responses, or alternately 
that children from religious families take longer to acquire a mature biological understanding 
of the cessation of bodily functions.  
Ecological reasoning 
We made two hypotheses regarding children’s ecological reasoning. Firstly, it was 
hypothesized that consistent with previous research, children living on farms would provide 
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significantly more ecological responses than city children. Secondly, it was predicted that 
more ecological responses would be provided for the disease condition than the internal 
property condition, as differences in reasoning style have been found to differ according to 
the context of the shared property. Both hypotheses were supported by the data. Our third 
hypothesis, that children’s reasoning would become more sophisticated as they grew older, 
was not supported. 
Firstly, results indicate that Australian children living on farms have more 
sophisticated inductive reasoning than city children. We found that farm children were 
significantly more likely to make ecological responses when making inductive choices than 
their city counterparts, irrespective of which condition they were reasoning about. 
Furthermore, this preference was found to be unrelated to age, with even the youngest farm 
children demonstrating a strong preference for ecological responses. These findings are 
consistent with previous research by Coley and colleagues, which have found that ecological 
reasoning is stronger in rural children, and children living in more traditional societies (Coley 
2012; Coley, Vitkin et al., 2005; Ross et al., 2003; Unsworth et al., 2012) than their city 
counterparts. They argue that their superior reasoning skills are strongly influenced by and 
related to superior domain related knowledge, believed to be associated with living close to 
nature. 
Secondly, irrespective of location, children were found to make significantly more 
ecological responses when reasoning about shared diseases than internal properties. This 
finding is consistent with recent studies which have highlighted the effect that context plays 
on adult’s and children’s use of different relations when drawing inferences about living 
things (Bright & Feeney, 2014; Coley, 2005; Shafto & Coley, 2003; Shafto et al., 2008). 
There is a general consensus that when reasoning about disease, more experienced or 
knowledgeable individuals are more inclined to use knowledge about ecological relations, 
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while less experienced individuals prefer taxonomic similarities (see Coley, 2012 for a 
review). However, when reasoning about internal properties, both experts and non-experts 
prefer to use taxonomic knowledge. This trend has been observed in both adults (Shafto, 
Kemp, Baraff Bonowitz, Coley, & Tenenbaum, 2008; Shafto & Coley, 2003) and young 
children (Coley, 2012; Coley, 2005; Ross et al., 2003).  
However, our findings differ to some previous studies, in two aspects. Firstly, in 
contrast to previous studies of children’s ecological reasoning, no significant differences were 
observed across the age groups. Previous studies by Coley and colleagues (Coley 2012; 
Coley, 2005; Ross et al., 2003; Unsworth et al., 2012), have observed significant increases in 
ecological reasoning as a function of age, with one study identifying age as a predictor of 
ecological reasoning. However, our results suggest no significant difference in the children’s 
responses. Instead, our findings support an alternate proposal that experience may be more 
important than developmental age in children’s reasoning strategies (Coley, Shafto et al., 
2005; Coley, Vitkin et al., 2005) 
Secondly, no significant interaction was found between location and property type. 
Previous studies have found an interaction between children’s location and property type, 
with farm children making more ecological responses when reasoning about diseases than 
city children and providing fewer ecological responses when reasoning about internal 
properties than their city counterparts (Coley, 2000, 2012; Coley, Vitkin et al., 2005; Coley et 
al., 2002). However, our analysis found no such interaction, with both farm and city children 
demonstrating similar patterns of selective reasoning, with only the strength of reasoning 
patterns differing.  
These results indicate that children living in rural, farming areas demonstrate more 
sophisticated reasoning about certain properties from a young age compared to their city 
counterparts. However, the factors responsible for this difference in reasoning are not yet 
CHILDREN’S BIOLOGICAL CONCEPTS 212 
understood. This indicates that further analysis is needed to determine what factors are most 
influential in the development of this biological concept, and whether other biological 
concepts related to domain specific knowledge are also influenced by living on farms.  
Formal Science Knowledge 
Our final hypothesis was that age, rather than location, was expected to be related to 
children’s science knowledge, as this test was designed to test science concepts taught at 
various levels of schooling as part of the curriculum. Specifically, we predicted that 
significant increases would be seen in children’s science knowledge as a function of age, with 
older children performing significantly better than their younger counterparts. As expected, 
was more dependent on age than rearing location, with performance increasing as children 
got older. This increase was consistent with our expectations, since older children are 
expected to possess a greater accumulation of science knowledge taught over the first 4 years 
of school than their younger counterparts. 
As we did not include a question to assess children’s actual school grade, any attempt 
to group children by grade would be based on assumptions due to Queensland Education’s 
requirements for when students can begin school and parental decisions about whether their 
child is ready to begin schooling.  As a result, we must note that the scores for each group 
represents the mean level of knowledge acquired over two years of schooling, and as such 
should be viewed with that in mind. the fact that children in each age group will have 
consisted of children from two separate grades is likely the reason for our observation that the 
difference in children’s formal science knowledge was not statistically significant between 
consecutive age groups (4 to 5, 5 to 6, 6 to 7, or 7 to 8 years). Nonetheless, the increases 
observed follow a consistent trend, demonstrating a gradual accumulation of knowledge over 
the various school years.  
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Also consistent with expectation, formal science knowledge did not differ 
significantly between farm and city children. However, slight differences were detected in the 
younger children, with farm children outperforming the city children. Although this 
difference was non-significant, observations made by the researcher during the interviews 
with the children suggested that they found it easier to reason and develop answers with 
greater ease, and often without the need for the choices to be presented, than their city 
counterparts. Furthermore, they were more likely to provide reasons for their explanations in 
a more scientific manner than the city children who would simply provide an answer.  
Overall, the results of this study suggest that further research into the development of 
biological concepts in young children living in different environments is needed – especially 
in relation to concepts such as inheritance, animal needs, and ecological relationships, which 
can be influenced by their experiences and prior knowledge acquired through everyday 
interactions with their environment. In particular, researchers should focus on whether simply 
living in more rural locations can result in differences in biological understanding, or if the 
unique lifestyle of living on working farms offers an additional benefit to young children 
above and beyond simply living in a more natural environment. These findings also suggest 
the need to better understand what factors are associated with more sophisticated knowledge 
and concepts in some city children, and poorer outcomes in others in order to ensure children 
from all backgrounds have the opportunity to foster their biological knowledge and promote 
an interest and motivation to study science.   
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Chapter 9: Communication about death and children’s death concepts 
Although many authors have written about the importance of parental input on 
children’s concept development, very few empirical studies have been conducted to examine 
how this influences children’s death concept. As we have reviewed in Chapters 4 and 5 there 
is some evidence that the effectiveness of parents’ communication about death and dying is a 
significant predictor of children’s death concepts (Matalon, 2000; McNeil, 1983; Renaud, 
2013). Given that this research is limited, it is important to expand on the few previous 
studies to better understand how parental input influences children’s concept of death.  
As we discussed in Chapter 4, there is some evidence that religion, parental education, 
children’s age, children’s gender, death experiences, and belief in an afterlife may be related 
to parents’ communication decisions. In order to expand on the current literature, we explore 
how various socioeconomic and individual differences or experiences may influence the way 
parents in Australia communicate with their children about death and dying.  
Parental communication about scientific and biological concepts may differ according 
to parents’ expertise with the topic. For example, Tarlowski (2006) compared the inductive 
reasoning of children of biology experts compared to non-experts to explore the influence of 
parental transmission on children’s developing understanding of biological concepts. He 
found that children of biologists who worked in fields related to biology (e.g. Zoo-keepers, 
veterinarians, forestry, research, etc.) made projections according to the category ‘animal’ 
while the children of non-experts made projections according to similarity. These findings 
suggest that how parents explain such information to their children influences how children 
in turn reason about their world. 
In Australia there is often a wide divide between the experiences of families living in 
the major cities, and families living in rural or remote regions. These can include access to 
resources such as museums, science centres, higher education facilities, internet access, and 
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other informal learning resources; as well as exposure and opportunities to observe and 
interact with nature. Given that people living on farms are often exposed to the extremes of 
nature, death is often a sad, but necessary, part of their lives. As such, parents of children 
living on farms may communicate differently with their children about death than parents of 
children living in cities where death is a rarely encountered phenomenon.  
Study 3 seeks to expand on the existing literature on parental communication about 
death through further exploration of how parents’ communication may differ as a result of 
socioeconomic and individual influences, and how parental communication relates to the 
child’s understanding of death. As such, the purpose of this study is to: 1) explore whether 
there are any differences in city and farm parents’ communication about death, and if so to 
characterise them; 2) to explore whether parental communication about death influences 
children’s biological and death concepts, when controlling for rearing environment and other 
demographic variables, and 3) to identify possible socioeconomic, individual, and 
experiential factors which may influence parents’ communication efficacy. 
Given that parents living on farms, where death is an everyday occurrence and part of 
life, may think and talk differently to their children about death compared to parents of 
children living in cities, the proposed research provides an important and unique opportunity 
to evaluate how parental communication relates to children’s understanding of death and 
other biological concepts. It is hypothesised that parents of children living on farms will 
communicate about death differently than parents of children who do not live on farms. 
Specifically, we expect to find a significant difference between farm and city and parent’s 
communication scores.   
For the purpose of this study, we define effective communication as reflecting the 
advice outlined by bereavement and clinical experts (see for example Aspinell, 1996; Bowie, 
2000; Grollman, 1991; Richardson et al., 1998; Richardson & Weinfurt, 1997) about talking 
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with young children about death and dying. Effective communication is honest, simply, 
direct, developmentally appropriate, with parents sharing their own feelings or uncertainties 
about answers (for example saying “I don’t know”) with their child. Effective communicators 
do not use euphemisms or analogies to explain death, instead using explicit terms such as 
dead and death to avoid confusing. Ideally, good communicators should also make use of 
teachable moments (such as using nature, television shows, books, etc.) to facilitate their 
children’s learning about death and dying.  
Chapters 4 and 5 discussed the findings of previous research suggesting that how 
parents talk to their children about death plays a significant role in the development of their 
death understanding. Based on the findings of previous studies (Matalon, 2000; Renaud, 
2013), it is expected that regardless of location, parents with “better” communication (as 
outlined by Matalon, 2000) about death will have children with more mature death concepts 
than parents with “poor” communication. Specifically, we predict to find a strong positive 
correlation between parent’s communication scores and their children’s death concept scores.  
Studies examining parents’ thoughts and assumptions concerning their children’s 
understanding of death have revealed that most parents believe that younger children do not 
think about death and are unable to understand it (Miller et al., 2014; Renaud et al., 2015, 
2013; Vianello & Marin, 1989). This persistent folk-theory is likely to influence how parents 
communicate with their children about this topic and helps to explain research which has 
observed that parents of older children generally communicate more effectively than parents 
of younger children (Matalon, 2000). As a result, we hypothesise that a significant positive 
association will be observed between the effectiveness of parents’ communication and 
children’s age, such that parents of older children will have better communication.  
Due to the exploratory nature of our examination of predictors of parental 
communication, as well as a dearth of research into parents’ communication about death, no 
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predictions have been generated regarding any of the socioeconomic, individual, or 
experiential variables which may be associated with parental communication.  
Results 
Results will be presented in the following order; first, results of the assumption tests 
will be outlined. Then descriptive statistics not covered in Study 1 will be discussed. The 
main analyses will consist of four sections. First, we will explore whether any differences 
exist between farm and city parents’ death communication. Secondly, we will explore 
whether parental communication is related to their child’s death understanding, with age 
taken into account. Third, we will explore potential factors which predict or influence the 
effectiveness of parents’ communication about death. Finally, based on the results of the 
previous analyses, the influence of parental communication on children’s death concepts will 
be further examined when additional influences of children’s death understanding have been 
taken into account.  
Missing Cases 
As mentioned in Chapter 6, 13 farm parents failed to return or complete the parental 
questionnaires, meaning that communication data could not be obtained for these cases. In 
addition, some parents did not answer all questions in the parental communication about 
death and dying questionnaire. When calculating overall scores for parental communication, 
missing cases were substituted with the mean communication score for those individuals 
where 1 or 2 missing cases were found. Where 3 or more missing cases existed, no overall 
score was calculated. As a result, 14 parental communication scores were missing, with all 
missing cases belonging to farm parents. Missing cases for the independent variables are 
reported in Study 1. 
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Assumption Tests 
Prior to the main analyses, we ran several tests to assess if the assumption of 
normality was met for the dependent variable of parental communication efficacy. Tests of 
normality revealed that the distributions of parental efficacy for the data overall was 
significantly not normal, 𝑊𝑊 (138) =  .98, 𝑝𝑝 < .05. Further examination of the histogram 
(shown in Figure 9.1) of parental communication also confirmed that the dependent variable 
was significantly negatively skewed, and therefore not normally distributed.  
Additionally, we conducted visual and Shapiro-Wilk tests of normality to investigate 
whether parental communication was normally distributed for each group of the independent 
variables of rearing location. The distribution of parental communication in the city group 
was found to be significantly not normal (𝑊𝑊 (69) =  .94, 𝑝𝑝 < .005), with further 
examination of the histogram (see Figure 9.2) confirming that parental communication in the 
city group was significantly negatively skewed.  However, both the test of normality and 
visual inspection of the data indicated that the farm group’s parental communication was 
normally distributed (𝑊𝑊 (69) =  .97,𝑛𝑛𝑝𝑝; see Figure 9.2). We discuss the analyses chosen for 
each research question, and any considerations made, with respect to this preliminary data in 
turn.  
Participants 
The current sample consists of those 138 participants (69 city, 69 farm) for whom 
parental communication scores were available. Sample size varies across analyses due to 
missing data on some measures for some participants. However, this sample does not differ 
across age, parental education, SES, or religious beliefs from those participants who did not 
have completed data. 
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Descriptive Statistics 
The means and standard deviations for the main variable of parental communication 
efficacy are presented in Table 9.1, with group differences included. Descriptive statistics for 
the children’s death understanding and additional exploratory variables can be seen in Study 
1, while descriptive statistics for each group can be found in Study 2.  
Table 9.1 
Descriptive Statistics of Parent’s Communication About Death Efficacy  
Group N M (SD) 95% CI 
City 69 60.78 (8.91) 58.64, 62.94 
Farm 69 60.12 (8.09) 58.17, 62.06 
Overall 138 60.45 (8.49) 59.02, 61.88 
Note:  Parental communication efficacy ranges from 37 – 77 (Maximum of 80) 
Does Age Influence Parent’s Communication? 
Given that previous research has suggested that the effectiveness of parents’ 
communication is influenced by their children’s age, we first conducted a correlational 
analysis to test this hypothesis, and ensure that age did not need to be taken into account 
when conducting the main analysis of farm and city parents’ approach to death 
communication. A zero-order correlation was conducted using Spearman’s Rho, with parental 
communication and children’s age as the variables of interest. Contrary to expectation, no 
significant association was detected between parents’ communication and their child’s age 
𝑝𝑝𝑠𝑠(138) = .08, 𝑝𝑝 = 𝑛𝑛𝑝𝑝. 
Comparison of Farm and City Parent’s Communication about Death and Dying 
Having confirmed that age does not needed to be taken into account while conducting 
further analyses, we next explored whether differences existed between farm and city parents’ 
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communication about death and dying. The means and standard deviations of parental 
communication scores for farm and city parents can be seen in Table 1. Although the 
assumption tests revealed that parents’ communication was not normally distributed, we 
conducted an independent samples t-test to compare farm and city parents’ communication 
scores. The t-test is generally considered to be a relatively robust test for non-normal data 
when sample sizes are relatively equal across the independent samples and are equal or 
greater than n = 30 (Pagano, 2004), given the magnitude of the violation of normality is not 
too severe. No significant difference existed between farm and city parents’ communication 
efficacy, 𝑝𝑝(136) = .46, 𝑛𝑛𝑝𝑝, 95% 𝐶𝐶𝐶𝐶[2.20, 0.53], 𝑑𝑑 = .08.  
Parental Communication and Children’s Death Understanding 
Irrespective of location, we hypothesised that parents’ communication efficacy would 
influence their children’s death understanding. Due to parental communication’s distributions 
not meeting the assumption of normality, Spearman’s Rho was first used to evaluate these 
correlations. Zero-order correlations were conducted using Spearman’s Rho, with parental 
communication and children’s death concepts as the variables of interest. Although a positive 
association was detected, it did not quite reach statistical significance, 𝑝𝑝𝑠𝑠(136) = .16, 𝑝𝑝 =.056.  
Due to the significant association between age and death understanding observed in 
Study 1, we followed the spearman’s Rho with a partial correlation to control for any effects 
of age on either of the variables. When the effects of age had been partialed out, a significant, 
positive correlation was detected between parents’ communication and their children’s death 
understanding, 𝑝𝑝𝑝𝑝,𝑎𝑎𝑎𝑎.𝑐𝑐(133) = .21,𝑝𝑝 < .05. This finding indicates that irrespective of where 
they lived, parents with more effective communication about death and dying had children 
with more mature concepts of death.  
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Sub-concepts of death 
Following on from this finding, we examined the influence of parents’ communication 
on their children’s individual sub-concept development. As both parents’ communication and 
children’s understanding of the sub-concepts of death were not normally distributed, we first 
conducted non-parametric correlations to explore any associations between parents’ 
communication and the individual sub-concepts of death. A significant association was 
detected between children’s understanding of inevitability and parent’s communication 
(𝑝𝑝𝑠𝑠(138) = .18, 𝑝𝑝 = .038), such that parents with better communication have children with a 
more mature understanding of the inevitability of death.   
Partial correlations 
Given that children’s individual sub-concepts were found to be significantly 
associated with their age, partial correlations were conducted between each sub-concept of 
death and parental communication efficacy, with age controlled. The individual correlation 
coefficients and significance findings are presented in Table 9.2.  
Table 9.2 
Partial Correlations between Parent’s communication Efficacy and Children’s Sub-concepts 
of Death with Age Controlled 
Variables N 𝑝𝑝𝑎𝑎𝑎𝑎.𝑐𝑐 p 
Inevitability 135 .18* .035 
Applicability 134 .04  .648 
Irreversibility 135 .19* .024 
Cessation 135 .12  .151 
Causality 134 .06  .462 
Overall Understanding 133 .21*  .017 
Note:  * p < .05 
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A significant positive correlation was observed between parental communication and 
two of the five sub-concepts of death. A small, positive relationship was observed between 
the efficacy of parents’ communication and their children’s understanding that death is 
inevitable (𝑝𝑝𝑝𝑝,𝑎𝑎𝑎𝑎.𝑐𝑐(135) = .18,𝑝𝑝 < .05), as well as their understanding of the irreversibility 
of death, 𝑝𝑝𝑝𝑝,𝑎𝑎𝑎𝑎.𝑐𝑐(135) = .19,𝑝𝑝 < .05. Children’s understanding of these concepts was more 
mature in children with parents whose communication was more effective. These findings 
support the argument that parents’ effective communication about death and dying has a 
positive influence on children’s developing understanding of death. No significant 
correlations were detected for the remaining sub-concepts of applicability, cessation, nor 
causality (all ps > .1). 
Further analysis 
Given that several demographic factors were found to be associated with children’s 
understanding of inevitability and irreversibility, it was necessary to determine whether 
parental communication was still a significant predictor of these sub-concepts once individual 
and sociocultural factors were taken into account. As such, separate Stepwise Regressions 
were conducted for each sub-concept, with parental communication included alongside those 
factors identified in Studies 1 and 2 as significant influences.  
Inevitability  
In Study 1, children’s understanding of the inevitability of death was found to be 
significantly predicted by their SES. Therefore, a hierarchical regression was computed to 
explore whether parental communication could explain children’s understanding of 
inevitability above and beyond that already explained by their SES. 
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Table 9.3 
Hierarchical Multiple Regression Equation of Predictors of Children’s Inevitability Understanding 
Step and Variables 𝐵𝐵 𝑆𝑆𝑆𝑆 𝐵𝐵 𝛽𝛽 𝑝𝑝 𝑅𝑅2 Adj. 𝑅𝑅2 ∆𝑅𝑅2 ∆𝐹𝐹 
Step 1a     .05 .04 .049 6.58* 
SES .12 .05 .22 2.57*     
Step 2b     .08 .07 .032 4.43* 
SES .102 .048 .185 2.12*     
Parental Communication .011 .005 .184 2.10*     
Note: N = 128, 
 a 𝑑𝑑𝑑𝑑 = 1,127, b 𝑑𝑑𝑑𝑑 = 1,126 
 ∗ 𝑝𝑝 < .05 
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Based on the results of the previous analyses in Study 1, SES was entered in Step 1. 
The resulting equation was significant (𝐹𝐹(1,127) = 6.59,𝑝𝑝 = .011,𝐴𝐴𝑑𝑑𝐴𝐴.  𝑅𝑅2 = .04), with 
SES alone explaining approximately 4% of the variance in children’s inevitability 
understanding.   
At step 2, parental communication was entered, resulting in a significant improvement 
in the prediction of children’s understanding of inevitability, ∆𝐹𝐹(1,126) = 4.43,𝑝𝑝 =.037,  ∆𝑅𝑅2 = .03. As can be seen in Table 9.3, when added to the model, parental 
communication explained a further 3% of the variance in understanding.  
The final model combined SES and parental communication to significantly predict 
children’s understanding of inevitability: 𝐹𝐹(2, 126) = 5.60,𝑝𝑝 < .01. The two variables 
combined accounted for 7% of the variance in children’s understanding of inevitability.  
Irreversibility 
In Study 2, children’s age was found to have a significant effect on their 
understanding of irreversibility. a hierarchical regression was computed to explore whether 
the variables of age (in months) and parental communication were significant predictors of 
the sub-concept of irreversibility. Because the analysis in Study 1 suggested that the 
relationship between children’s age and understanding of irreversibility is weak, raising the 
possibility that the influence of age may become non-significant when additional factors are 
taken into account, both variables were entered using the stepwise method.  
The analysis (shown in Table 9.4) found that age (in months) did not significantly 
predict children’s understanding of inevitability (𝛽𝛽 = .15, 𝑝𝑝(137) = 1.82, 𝑝𝑝 = .07) once the 
influence of parental communication was accounted for.  
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Table 9.4 
Hierarchical Multiple Regression Equation of Predictors of Children’s Understanding of Irreversibility  
Step and Variables 𝐵𝐵 𝑆𝑆𝑆𝑆 𝐵𝐵 𝛽𝛽 𝑝𝑝 𝑅𝑅2 Adj. 𝑅𝑅2 ∆𝑅𝑅2 ∆𝐹𝐹 
Step 1a     .04 .04 .04 6.20* 
Parental Communication .015 .01 .21 2.49     
Note: N = 137,  
a 𝑑𝑑𝑑𝑑 = 1,136, 
 ∗ 𝑝𝑝 < .05, 
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Parental Communication was found to be a small, yet significant, predictor of 
children’s understanding of the irreversibility of death, 𝐹𝐹(1,127) = 6.20, 𝑝𝑝 =.014,𝐴𝐴𝑑𝑑𝐴𝐴.  𝑅𝑅2 = .04, accounting for 4% of the variance in children’s understanding of 
irreversibility. Examination of the individual Beta-weight of parental communication (𝛽𝛽 =.21), indicates that children with more mature understanding of irreversibility have parents 
who communicate more effectively about death.  
Exploratory analyses 
 Following on from these findings, we sought to explore potential factors which may 
influence parents’ communication styles. We first explored the influence of a variety of 
socioeconomic and individual factors which research suggests may influence parents’ 
communication, and then move on to explore potential experiential factors which may guide 
parents’ communication as they offer parents opportunities to discuss the topic in (non-
affective) situations. Due to the variables’ distributions not meeting the assumption of 
normality, Spearman’s Rho was used to evaluate these correlations initially.  
Ecological and Individual Factors 
Zero-order correlations using Spearman’s Rho were first run between parental 
communication and children’s age, gender, rearing location, parents’ education, SES, religion, 
and belief in an afterlife; with parental communication as the main variable of interest. As can 
be seen in Table 9.5, this analysis identified a significant association between parents’ 
communication and their religious beliefs.  
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Table 9.5 
Zero Order Correlations (Spearman’s Rho) Between Parental Communication about death 
and dying and Demographic Variables 
Variable N 𝑝𝑝𝑠𝑠 p 
Location (City or Farm) 138 -.07 .395 
Gender 138  .05 .602 
Parental Education 135  .05 .566 
Socioeconomic Status 129  .15 .100 
Religion 131 -.35*** .000 
Belief in Afterlife 132 -.08 .332 
Note:  Age is in months  
* p < .05, ** p < .01, *** p < .001, all significance tests two tailed 
Partial Correlations 
Given that there are arguments that children’s age can influence parents’ willingness 
to talk about death, especially among parents with lower educations and with certain beliefs, 
it was essential to ensure that children’s age was not influencing these results. As such, 
following on from the non-parametric correlation tests, partial correlations were conducted to 
control for the effects of age.  As can be seen from Table 9.6, when age was controlled 
several significant associations were found.  
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Table 9.6 
Partial Correlations Between Parent’s Communication about Death Efficacy and 
Demographic Variables, Controlling for Age 
Variable N 𝑝𝑝𝑎𝑎𝑎𝑎.𝑐𝑐 p 
Location 135 -.07 .404 
Gender 135  .06 .467 
Parental Education 132  .08 .382 
Socioeconomic Status 126  .20* .024 
Religion 128 -.36*** .000 
Belief in Afterlife 129 -.07 .405 
Note:  * p < .05, ** p < .01, *** p < .001, all significance tests two tailed 
A significant correlation was found between the effectiveness of parents’ 
communication about death and dying and their religious beliefs (𝑝𝑝𝑝𝑝,𝑎𝑎𝑎𝑎.𝑐𝑐(128) = −.36,𝑝𝑝 <.001). Figure 9.3 shows that parents who identified as not religious or atheists demonstrated 
significantly more effective communication (𝑀𝑀 = 64.86, 𝑆𝑆𝑆𝑆 = 7.06,𝐶𝐶𝐶𝐶 95% [62.72 −67.01]) than parents who identified as Christian (𝑀𝑀 = 58.67, 𝑆𝑆𝑆𝑆 = 8.42,𝐶𝐶𝐶𝐶 95% [56.87 −60.46]), 𝑝𝑝(129) = 4.19,𝑝𝑝 < .001.  
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Figure 9.3. Comparison of the effectiveness of parent’s communication according to their 
religious beliefs, error bars reflect confidence interval 95% 
Furthermore, a significant correlation was found between parents’ communication 
about death and their SES, 𝑝𝑝𝑝𝑝,𝑎𝑎𝑎𝑎.𝑐𝑐(126) = .20,𝑝𝑝 < .05). Further examination through post 
hoc analyses using pairwise comparisons of estimated marginal means with Bonferroni 
adjusted levels for significance found that a significant difference existed between lower and 
working class parents (𝑀𝑀 = 54.65, 𝑆𝑆𝑆𝑆 = 9.91) and both Lower-Middle (𝑀𝑀 = 61.54, 𝑆𝑆𝑆𝑆 =8.00,𝑝𝑝 < .05), and Middle Class parents (𝑀𝑀 = 62.35, 𝑆𝑆𝑆𝑆 = 7.87,𝑝𝑝 < .005). 
Experiential factors 
Following on from the previous exploratory analysis, we sought to explore the 
influence of experiences on parents’ communication about death and dying. Zero-order 
correlations were first conducted using Spearman’s Rho, with parents’ communication 
efficacy as the main variable of interest. Several additional variables were included to assess 
the influence of everyday, nature-based experiences and activities, companion pet ownership, 
and personal death experiences: any experience of death, different types of death 
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experienced, number of deaths, pet death, close pet and human deaths, non-close human 
death. The results of these correlations are presented in Table 9.7.  
Table 9.7 
Spearman’s Rho Correlations Between Parental Communication Efficacy and Experience 
Variables 
Variables N 𝑝𝑝𝑠𝑠 p 
Overall activities and experiences 135  .17* .044 
Companion Pet 135 -.23** .006 
Number of pets owned 138 -.15 .074 
Experience with illness 138  .13 .144 
Any death experience 138  .04 .650 
Number of deaths experienced 118  .16 .080 
 
Note: * p < .05, ** p < .005, *** p < .001 
While significant associations were detected between parent’s communication 
efficacy and children’s overall informal encounters and ownership of a companion animal 
(see Table 9.7), it was essential to ensure that children’s age was not influencing any of these 
results. This is due to the expectation that the probability of encountering certain events, and 
the number of experiences children have, will increase as they grow older.  
Partial correlations controlling for the effects of age can be seen in Table 9.8. When 
age was taken into consideration, the relationship observed between parents’ communication 
and number of informal experiences and activities became non-significant. However, once 
the effects of age were partialed out the number of personal deaths the child has experienced 
was found to be significantly positively associated with parents’ communication efficacy,  
𝑝𝑝𝑝𝑝,𝑎𝑎𝑎𝑎.𝑐𝑐(115) = .20, 𝑝𝑝 < .05. Irrespective of the age of their children, parents of children who 
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had experienced a greater number of personal deaths communicated more effectively about 
death.  
Table 9.8 
Partial Correlations Between Parents’ communication About Death and Dying and 
Experience Variables, controlling for age 
Variable N 𝑝𝑝𝑎𝑎𝑎𝑎.𝑐𝑐 p 
Overall activities and experiences 132  .13 .132 
Companion Pet 135 -.21* .015 
Number of pets owned 135 -.13 .134 
Experiences of Illness 135  .14 .109 
Any death experience 135  .04 .667 
Number of deaths experienced 115  .20* .032 
 
Note: * p < .05, two-tailed significance 
A significant association was detected between ownership of a companion animal as a 
pet, and the effectiveness of parents’ communication about death and dying (𝑝𝑝𝑝𝑝,𝑎𝑎𝑎𝑎.𝑐𝑐(135) =
−.21,𝑝𝑝 < .05). Parents of children who owned a companion animal had poorer 
communication about death and dying than parents whose children had no pet or owned a pet 
which was not considered a companion animal. 
Predictors of Parental Communication  
Based on significant results of the correlations computed above, a stepwise multiple 
regression analysis was performed to explore if the variables identified in the correlations 
significantly predicted the efficacy of parents’ communication about death and dying. Due to 
the exploratory nature of the analysis religion, companion pet, SES, and number of deaths 
experienced, which had been identified as significant in the correlations, and children’s age 
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were included in the regression analysis using the step-wise method. children’s age (in 
months) was included in this step, despite the nonsignificant associations, as previous studies 
have indicated that children’s age plays a strong role in parents’ conversation decisions. The 
results of the analysis are displayed in Table 9.9, with only significant findings reported. 
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Table 9.9 
Hierarchical Multiple Regression Equations of Predictors of Parents’ Communication About Death and Dying Efficacy 
Step and Variable 𝐵𝐵 𝑆𝑆𝑆𝑆 𝐵𝐵 𝛽𝛽 𝑝𝑝 𝑅𝑅2 Adj. 𝑅𝑅2 ∆𝑅𝑅2 ∆𝐹𝐹 
Step 1a     .11*** .10*** .11 13.14 
Parents’ Religious Belief -5.86 1.62 -.33 -3.62***     
Step 2b     .16** .15** .05 7.73 
Parents’ Religious Belief  -6.20 1.58 -.35 -3.93***     
Ses 2.25 .86 .23 2.62**     
Step 3c      .20* .18* .04 4.85 
Parents’ Religious Belief -5.76 1.56 -.33 -3.69***     
SES 2.25 .84 .23 2.67**     
Number of Deaths .84 .38 .20 2.23*     
Note: N = 107, 
 a 𝑑𝑑𝑑𝑑 = 1,106, b 𝑑𝑑𝑑𝑑 = 1,105, c 𝑑𝑑𝑑𝑑 = 1,104 
∗ 𝑝𝑝 < .05,∗∗ 𝑝𝑝 < .01,∗∗∗ 𝑝𝑝 < .001 
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Religion was entered in the first step of the equation. The resulting equation was 
significant: 𝐹𝐹(1,106) = 13.14,𝑝𝑝 < .001,𝐴𝐴𝑑𝑑𝐴𝐴.  𝑅𝑅2 = .10, indicating that religion is a 
significant predictor of parents’ communication (𝛽𝛽 = −.33, 𝑝𝑝 < .001). The negative 
direction of the Beta weight indicates that non-religious parents communicated less 
effectively than religious parents and accounted for 10% of the variance in parents’ 
communication efficacy.  
Socioeconomic status was added at step 2 of the model, resulting in a significant 
increase in the model’s prediction of parental communication, ∆𝐹𝐹(1,105) = 6.89, 𝑝𝑝 = .01,  ∆𝑅𝑅2 = .05, 𝐴𝐴𝑑𝑑𝐴𝐴.  𝑅𝑅2 = .15. The individual Beta weight of SES (𝛽𝛽 = .23, 𝑝𝑝 = .01) indicates 
that parents with higher SES had more effective communication, and accounts for a further 
5% of the variance explained by the model. The number of personal deaths children had 
experienced was entered at step 3. This resulted in a significant increase in the model’s 
prediction of parent’s communication, ∆𝐹𝐹(1,104) = 4.97,𝑝𝑝 = .028,  ∆𝑅𝑅2 = .04, 𝐴𝐴𝑑𝑑𝐴𝐴.  𝑅𝑅2 =.18. As can be seen in Table 9.9, when added to the model, the number of deaths children had 
experienced explained a further 4% of the variance in understanding. The individual Beta 
weight of death experience (𝛽𝛽 = .20, 𝑝𝑝 < .05) indicates that parents whose children had 
experienced more deaths communicated more effectively about death and dying.  
Ownership of a companion pet (𝛽𝛽 = −.09, 𝑝𝑝(106) = 1.03,𝑝𝑝 = .30) and children’s 
age in months ( 𝛽𝛽 = .12, 𝑝𝑝(106) = 1.24,𝑝𝑝 = .22) were not found to contribute significantly 
to the prediction of parents’ communication. The final model combined religion, SES, and the 
number of deaths experienced to significantly predict how effectively parents communicated 
about death (𝐹𝐹(3,104) = 8.84,𝑝𝑝 < .001,𝑅𝑅2 = .20, and explained a total of 20% of the 
variance in parents’ communication.  
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Does Parental Communication Mediate the Association between Religious Belief and 
Children’s Death Understanding? 
In Study 2, we found that religious belief was a significant influence of children’s 
understanding of death. Based on the significant correlations between children’s death 
understanding and parental communication, and the finding that religious belief is a 
significant predictor of parents’ communication there was some question as to whether 
religion had a direct effect on children’s death concept, or whether religious belief has an 
indirect effect on children’s understanding through its relationship with parents’ 
communication efficacy. We conducted a mediation analysis in order to investigate this 
hypothesis. The means, standard deviations, and correlations between the main variables and 
covariates are shown in Table 9.10.  
Table 9.10 
Means, Standard Deviations and Partial Correlations for the Study Variables of Death 
Understanding, Parental Communication, Religious Belief, and the Covariates of Parents’ 
Level of Education and Children’s Age  
Variables M SD 1 2 3 
1. Death Understanding 6.67 2.02 1 .21* -.23** 
2. Parental Communication 60.90 8.37 - 1 -.36*** 
3. Are Religious 0.66 0.48 - -   1 
4. Age in months 73.20 16.66 .57*** .06  .12 
5. Parental Educationa 2.44 0.73 .18* .01  .04 
Note:  𝑁𝑁 = 128 
 a controlling age 
∗ 𝑝𝑝 < .05,∗∗ 𝑝𝑝 < .01,∗∗∗ 𝑝𝑝 < .001, 
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Mediation analyses seek to identify and explain the underlying process or mechanisms 
which may underlie an observed relationship between an independent variable and outcome, 
via the inclusion of a third variable (mediator). Rather than the independent variable directly 
effecting the dependent variable, the mediation model proposes that the independent variable 
influences the mediator variable, which in turn effects the dependent variable. Baron and 
Kenny (1986, p. 1176) define a variable as a mediator “to the extent that it accounts for the 
relation between the predictor and [outcome].” Therefore, we hypothesise that religious belief 
has an effect on children’s death understanding via the mediation of parental communication.  
A simple mediation model for the data presented in this study is provided in Figure 
9.4. The dependent variable, X, represents religious belief, and Y represents the outcome 
measure of children’s death concepts, while M represents the potential mediator of parental 
communication, and C represents the control variables of children’s age in months and 
parents’ level of education.  
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Figure 9.4. Standardised regression coefficients for the relationship between parents’ 
religious belief and children’s understanding of death (controlling for age and 
parental education). The standardized regression coefficient for the relationship 
between parents’ religious belief and death understanding, controlling for 
parental communication, is in parentheses. 
∗ 𝑝𝑝 < .05,∗∗ 𝑝𝑝 < .01,∗∗∗ 𝑝𝑝 < .001 
In order to assess whether parental communication is a significant mediator of 
religious belief on death understanding, several conditions must be tested. First, it is 
necessary to establish a direct effect of the IV on DV. This can be assessed using a regression 
analysis to test whether the IV predicts the DV, controlling for any covariates (path c). 
Second, to ensure that the IV is related to the mediator, a separate regression analysis is 
conducted to test if the IV predicts the mediator (path a). Finally, a multiple regression is 
conducted using the stepwise method to test whether the mediator significantly predicts the 
DV when covariates and IV are controlled (path b), and whether the effect of the IV has 
decreased after the mediator has also been controlled (path ć). If there is a mediation effect, 
we expect the mediator to significantly predict the IV, and that the beta coefficient of the IV 
(X) 
Religious 
(Y) 
Death Understanding 
(M) 
Effectiveness of Parental 
 
(C) 
Age (in months) 
Parental Education 
 
a 
 -6.20*** 
b 
0.03 
(ć   -0.67* ) 
c    0.85*** 
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will have dropped significantly (c- ć). The results of these analyses can be found in Tables 
9.11 and 9.12.  
Following the steps outlined earlier for testing mediation, we first established that the 
predictor, parents’ religious belief, was related to the outcome variable, children’s death 
understanding, by regressing religious belief on death understanding, controlling for age and 
parents’ level of education (path c). 
As can be seen in Table 9.11 (Step 2), after children’s age and parents’ level of 
education had been taken into account, religious belief was found to significantly predict 
children’s death understanding, ∆𝑅𝑅2 = .04 ,∆ 𝐹𝐹(1,124) = 7.86,𝑝𝑝 < .01. The results 
indicated that children from non-religious families had more mature death concepts than 
children from religious families (𝛽𝛽 = −.20,𝐵𝐵 = −.85, 𝑆𝑆𝑆𝑆 = .30,𝑝𝑝 = .01, 95% 𝐶𝐶𝐶𝐶 [−1.45,−0.25]), with religious belief alone accounting for 4% of variance in 
children’s death concept scores. 
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Table 9.11 
Hierarchical Regressions Testing for Parental Communication as a Mediator Between Religious Belief and Children’s Death Concepts 
Step and Variable 𝛽𝛽 𝐵𝐵 𝑝𝑝 ∆𝑅𝑅2 ∆𝐹𝐹 𝑅𝑅2 𝐹𝐹 
Step 1:         
Covariate: Age        
Covariate: Parental Education        
Step 2:     7.86** .38 25.12*** 
Covariate: Age .62 .08 8.52*** .32    
Covariate: Parental Education .16 .43 2.15* .02    
Predictor: Religiousa -.20 -.85 -2.80** .04    
Step 3:      2.25 .39 19.60*** 
Covariate: Age .61 .07 8.23*** .32    
Covariate: Parental Education .15 .42 2.11* .02    
Predictor: Religiousc  -.16 -.67 -2.08* .04    
Mediator: Parental Communicationd .11 .03 1.50 .01    
Note: N = 129, 
 a 𝑐𝑐𝑐𝑐𝑑𝑑𝑠𝑠𝑑𝑑 0 = 𝑛𝑛𝑐𝑐𝑛𝑛 − 𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑟𝑟𝑝𝑝𝑐𝑐𝑘𝑘𝑝𝑝, 1 = 𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑟𝑟𝑝𝑝𝑐𝑐𝑘𝑘𝑝𝑝, b Path b,  
∗ 𝑝𝑝 < .05, ∗∗ 𝑝𝑝 < .01, ∗∗∗ 𝑝𝑝 < .001 
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Table 9.12 
Simple Regression Testing Whether Religious Affiliation Predicts Parental Communication  
Step and Variable 𝛽𝛽 𝐵𝐵 𝑝𝑝 ∆𝑅𝑅2 ∆𝐹𝐹 𝑅𝑅2 𝐹𝐹 
Testing Step 2: Path 𝑝𝑝      .12 17.56*** 
Outcome: Parental Communication        
Predictor: Religious -.35 -6.20 -4.19*** .12 17.56***   
Note: N = 129, 
 a coded 0 = non − religious, 1 = religious, b Path b 
∗ 𝑝𝑝 < .05, ∗∗ 𝑝𝑝 < .01, ∗∗∗ 𝑝𝑝 < .001 
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Next, to establish that religious belief was related to the hypothesized mediator, 
parental communication, we conducted a stepwise multiple regression to establish whether 
religious belief predicted the effectiveness of parental communication (path a). As can be 
seen in Table 9.12, results indicated that religious belief significantly predicted parental 
communication, 𝐹𝐹(1,127) = 17.56,𝑝𝑝 < .001,  𝑅𝑅2 =  .12, Adj.𝑅𝑅2 = .11.  Examination of 
the individual beta coefficients indicated that parents from religious families had less 
effective communication than non-religious families (𝛽𝛽 = −0.35,𝐵𝐵 = −6.20, 𝑆𝑆𝑆𝑆 = .1.48,95% 𝐶𝐶𝐶𝐶 [−9.12,−3.27]), with religious belief accounting for 12% of the variance in parents’ 
communication. 
Finally, a hierarchical multiple regression was conducted to investigate the hypothesis 
that parental communication mediates the effect of being religious on children’s death 
understanding, controlling for the effects of children’s age and parental education (path ć). 
The findings of this analysis can be seen in Table 9.11. The covariates of children’s age and 
parental education were first entered into Block 1, religious belief was then entered in Block 
2, and parent’s communication was finally entered in Block 3 (Path b).  
As can be seen in Table 9.11, the addition of parents’ communication did not add 
significantly to the variance in children’s death understanding, ∆𝑅𝑅2 = .01, ∆𝐹𝐹(1, 123) =2.25, 𝑝𝑝 = .136. When parents’ communication was entered into the equation, the coefficient 
for the mediator (𝛽𝛽 = .11,𝐵𝐵 = .03, 𝑆𝑆𝑆𝑆 = .02,𝑝𝑝 = .13, 95% 𝐶𝐶𝐶𝐶[−0.01, 0.06]) was not found 
to be significant. While, the strength of the independent variable, religious belief, did 
decrease slightly, it remained statistically significant (𝛽𝛽 = −.16,𝐵𝐵 = −.67, 𝑆𝑆𝑆𝑆 = .32,𝑝𝑝 =.039, 95% 𝐶𝐶𝐶𝐶[−1.31,−0.03]).  
Overall, when parental communication was added to the model, the beta coefficient 
for religious belief (path ć) was found to drop from 𝐵𝐵 = −.85 to 𝐵𝐵 = −.67. This indicates 
that parental communication accounts for some of the effect of religious belief on children’s 
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understanding of death, but not all of it. This indicates that additional religious factors or 
influences also play a part in children’s death understanding.  
In order to confirm whether the difference in coefficient strength for religious belief 
when parents’ communication was added to the model was significant, we employed a 
statistical analysis to explore whether the mediated effects were significant. There are several 
ways to assess whether the drop in the beta coefficients for religious belief (i.e., from path c 
to path ć) is statistically significant. As religious belief was dichotomous, we employed the 
statistical method recommended by Iacobucci (2012). The zMediation test, enables 
researchers to compute standardized indirect effects using estimates obtained from regression 
models when using ordinal, categorical, and continuous variables (Iacobucci, 2012). The 
equation for the zMediation test can be seen in Figure 9.5.  
𝑍𝑍𝑚𝑚𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑝𝑝𝑝𝑝𝑎𝑎 × 𝑏𝑏𝑝𝑝𝑎𝑎
�𝑍𝑍𝑎𝑎2 + 𝑍𝑍𝑎𝑎2 + 1 
Figure 9.5 The zMediation test. An equation for calculating the, whether the mediated effects 
are statistically significant. 
The results confirm that parental communication did not significantly mediate the 
effect of parents’ religious belief on children’s death understanding (𝑍𝑍𝑚𝑚𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 1.83, 𝑛𝑛𝑝𝑝). 
However, there was an observed drop in the effect of religious belief when parental 
communication was taken into account, indicating a small, though not statistically significant, 
mediation does occur. 
Based on the results of the current analysis, we conclude that while parents’ 
communication is significantly influenced by their religious belief, and some mediation 
effects may exist, this effect is not significant. Instead, it would appear that both parents’ 
religious beliefs and parental communication are independent predictors of children’s death 
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understanding, but that religious belief has a significant influence on how parents 
communicate and as such suppresses the effect of parental communication on children’s 
death concepts. Furthermore, these findings indicate that religious belief has an independent 
effect on children’s understanding of death which goes beyond parental transmission.  
Discussion 
 
This study sought to expand on the existing literature by further exploring parents’ 
communication about death and dying, its relationship to children’s understanding of death, 
and factors influencing the effectiveness of parents’ communication. As such, this study 
aimed to examine whether: 1) any differences existed between farm and city parents’ 
communication efficacy; 2) the relationship between parents’ communication and their 
children’s developing understanding of death; and 3) factors which predict how effectively 
parents communicate about death and dying in general.  
Children’s Age and Parental Communication 
Prior to conducting the main analyses, we first conducted a correlational analysis to test 
our hypothesis that a significant positive association would be observed between the 
effectiveness of parents’ communication and children’s age, such that parents of older 
children will have better communication. Contrary to expectation, we found that age did not 
have a significant influence on how parents in our study communicated with their children 
about death. While this finding was unexpected, we suggest that this could be due to the high 
proportion of children who had already experienced a personal death. Given that research has 
found that experience of death is a major contributing factor in parents’ decisions to 
communicate about death, the occurrence of a personal death may have forced parents to 
communicate about death, or seek help and resources for doing so, sooner than they may 
have done had the need to explain a recent death not arisen.  
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Comparison of Farm and City Parents’ Communication 
We first explored whether any differences in communication existed between farm 
and city parents’ communication about death and dying. We hypothesised that parents from 
farms, where death is encountered in nature on a greater scale, would communicate 
differently to city parents. Contrary to expectations, no significant difference was detected 
between farm and city parents. Nor were any differences detected in relation to the different 
age groups examined. These findings indicate, that irrespective of how old children are, 
parents from both farm and city parents generally communicated in similar ways.  
Considering that the CDDQ was designed and initially tested for use with city 
families, it would be of interest to explore whether the questions may be adjusted to reflect 
farm life, in particular assessing whether parents use daily farming practices (i.e. judging a 
cattle’s worth to an abattoir, or baby animals dying from natural causes) as “teachable 
moments”.  
However, it should be noted that we did not explore whether any differences existed 
in parents’ response content, nor whether general biological information differed between the 
two groups. This would be an area worth exploring further in future. In particular, how 
parents from farms dealing with livestock production explain the rearing, selling, killing, or 
judging of animals for food; and whether parents explain the importance of ensuring animals 
are healthy, well feed, watered, etc. in relation to bodily processes or biological aspects of 
living. For example, some children referred to animals dying from dehydration, not getting 
enough food, and (on one occasion) fear-related shock. Furthermore, it would be interesting 
to explore the content of parents’ explanations, and the frequency with which such 
conversations, or children’s questions, may occur (and whether this differs to city families). 
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Parental communication and children’s death concepts 
Having determined that no group differences existed, we next sought to expand on the 
few studies that have explored the relationship between parental communication and 
children’s death concept development. Based on previous studies by Matalon (2000) and 
Renaud (2013), we predicted that parental communication would be significantly, positively 
associated with their child’s death concepts. This hypothesis was supported by the data, such 
that children with more mature concepts of death tended to have parents with more effective 
communication about death and dying. This finding supports observations made by previous 
studies examining parents’ communication (see for example Matalon, 2000; Portz, 1964). 
However, closer examination of the influence of parental communication in relation to other 
influential factors indicated that the effect of parental communication was suppressed by 
parents’ religious belief. A mediation analyses revealed that the effect of parental 
communication appeared to be explained by the effect of religious belief on children’s 
understanding of death. This suggests that the main influence of parental communication was 
a product of differences arising from their religious beliefs, rather than independent 
individual differences.  
Furthermore, this analysis indicates that parents’ religious beliefs, which are likely to 
be instilled in their children, influence children’s understanding through multiple sources, not 
just parental conversations. For example, children from religious families may be exposed to 
religious influences or information relating to death from religiously themed media, mass, 
bible stories, religious education, or other family members. However, we should also note 
that parents’ general communication cannot provide us with an idea of the content of their 
conversations with their children about death and whether religious explanations outnumber 
biological explanations, which is also expected to influence children’s understanding. 
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To date, the relationship between parents’ communication efficacy and the 
development of each of the individual sub-concepts of death has not been explored. An 
examination of the relationship between parental communication and children’s 
understanding of the individual sub-concepts of death indicated that children’s understanding 
of the sub-concepts of inevitability and irreversibility of death were both found to be 
significantly, positively associated with parents communication about death and dying, with 
parents who communicated more effectively having children with more mature concepts of 
the irreversibility and inevitability of death. Linear regressions exploring whether parental 
communication remained significant when considered in conjunction with other predictors of 
inevitability and irreversibility identified in Study 1 confirmed that parental communication 
is a significant predictor of children’s understanding of both sub-concepts. Furthermore, 
linear regressions indicated that parents’ communication was a stronger and more significant 
predictor of children’s understanding of irreversibility of death than age. 
However, no significant relationships were detected between parents’ communication 
efficacy and children’s understanding of applicability, cessation, or causality. This finding 
could indicate that parents general communication about death and dying is not a significant 
predictor of the development of these three sub-concepts. Alternately, this could indicate that 
the CDDQ may not effectively assess aspects of parental communication which most 
significantly contribute to children’s understanding of the applicability, cessation, and 
causality of death. Examination of parents’ responses and explanations in response to 
questions, or situations which foster communication, may be a more effective way of 
assessing aspects of parental communication which influence children’s developing 
understanding of these sub-concepts. For example, an examination of the content of parental 
explanations by Renaud (2013) revealed that the use of biological explanations, especially 
relating to causality, had a strong positive influence on children’s understanding of cessation. 
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Future studies may find that assessing parental communication through the combination of 
the CDDQ and another measure assessing parents’ responses or explanations to children’s 
questions about death (such as through the use of the CQADS; Richardson et al., 1998) may 
provide a more holistic picture of parents communication about death and dying and provide 
researchers with a greater understanding of the relationships between parental communication 
and children’s’ understanding of death.  
Predictors of Parental Communication 
Although a handful of studies have tried to identify potential influences and predictors 
of parents’ communication (McNeil, 1983; Nguyen & Gelman, 2002; Richardson & Weinfurt, 
1997), there is still little consensus as to which socioeconomic or individual differences, or 
experiences, may predict how effectively parents communicate about death and dying with 
their children. Based on existing research (Matalon, 2000), we predicted that parental 
communication efficacy would be significantly influenced by children’s age.  Contrary to the 
findings of existing studies (see for example, Matalon, 2000; Portz, 1964), no significant 
associations were detected between children’s age and the effectiveness of their parents’ 
communication. However, this could be due to the voluntary nature of the current study. It is 
possible that parents who agreed to allow their child to take part in the current study are more 
open to discussing death with their children, especially when they are younger. Alternately, it 
is possible that the non-significant finding is due to the large proportion of children who had 
already experienced a death (90.1%). The possible influence of death experience is discussed 
in greater depth shortly.  
Initial analyses identified four variables which correlated significantly with parental 
communication at the ∝= .05 level: religion, companion pet, SES, and the number of 
personal human or pet deaths experienced. These correlations indicted that parental 
communication was more effective for parents who were non-religious in contrast to religious 
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parents, in parents whose children did not own a companion animal as a pet compared to 
those who did, and in higher SES families. Furthermore, a positive correlation was detected 
between the number of experiences of death children had, and the effectiveness of parents’ 
communication. Due to the large number of variables included in the initial analyses, we 
conducted stepwise linear regressions to further explore which variables best predicted 
parents’ communication efficacy. Although not found to be significant in the initial 
correlations, we included age in the multiple regressions, based on the observations and 
findings of previous study which indicates that age lays a significant role in parents 
communication choices.  
 The multiple stepwise regression revealed that whether or not parents were religious, 
family SES, and the number of personal deaths children had experienced all significantly 
predicted how effectively parents communicated about death and dying. Children’s age and 
whether or not they owned a companion animal as a pet did not significantly predict parents’ 
communication. Overall, the three variables included in the regression model accounted for a 
good proportion of the variance in parents’ communication efficacy.  
Whether or not families were religious was identified as the most influential predictor 
of how effectively parents communicated about death and dying, with non-religious parents 
more effective in their communication than religious parents. This finding is consistent with 
previous studies by Renaud et al. (2013, 2015), and Gutierrez et al. (2014), which have 
documented differences in the use of religious and biological explanations of death; 
especially in relation to the sub-concepts of cessation, reversibility, and causality. Renaud et 
al. (2014) found that religious parents provided children with more religious and spiritual 
explanations rather than biological facts and explanations, when answering children’s 
understanding of death compared to their non-religious counterparts. As such, it is reasonable 
to assume that such differences will influence the overall effectiveness of parents 
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communication about death. Possible implications of this finding are discussed in greater 
detail in the general discussion. Such findings indicate that religious parents may need to be 
provided with advice or information regarding the need to ensure that religious responses or 
explanations they provide in order to comfort their children and developmentally appropriate, 
and that parents are better informed of the need to ensure that sufficient information is 
provided and are made aware of the dangers of providing certain responses (see Richardson 
et al., 1998 for more information), which, from an adult perspective, may be seen as 
comforting but are actually harmful for young children to be told until they acquire a 
biological understanding of death and distinguish religious from biological concepts of death.  
The SES of families was found to be the second most influential predictor of parents’ 
communication about death, with parents from higher SES backgrounds communicating 
more effectively about death. To date, no research exploring the influence of parental 
education, profession, or SES on how parents communicate about death could be found; 
however, Panagiotaki et al. (2018) recently suggested that parents who were more highly 
educated, from higher SES backgrounds, or who were wealthier may have access to better 
resources, provide their children with more experiences and opportunities (which may 
provide opportunities to foster communication), and are believed to engage in richer, and 
possible better informed, conversations with their children about biological topics such as 
death. Additionally, parents who work in scientific professions, particularly those which deal 
with death or the life-cycle, are likely to provide more biological explanations which foster 
the development of the death concept. Given that such professions are often considered 
higher earning professions, this may contribute to the observed differences in higher SES 
families. Although Panagiotaki et al. (2018) acknowledge that their suggested explanation for 
the influences of SES is currently only speculative, it was suggested as a possible explanation 
for their findings that children from higher SES backgrounds demonstrated more mature 
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understandings of the sub-concepts of irreversibility and cessation, and is consistent with 
observations of differences in other biological concepts (for example Lau, Bernard, & 
Hartman, 1989; Williams & Smith, 2006; Zhu & Fang; Zhu, Liu, & Tardif, 2009). As 
discussed in Studies 1 and 2, these factors should be further explored, in order to better 
identify factors that contribute to children’s understanding of death, and how parents 
communicate about death with their child.  
Consistent with the findings of Matalon (2000), Renaud et al. (2015), and numerous 
anecdotal reports, parents’ communication efficacy was significantly related to the number of 
personal deaths their child had experienced. In line with previous studies (Matalon, 2000), 
parents of children who had experienced a greater number of deaths communicated more 
effectively about death. Matalon (2000) examined parental comfort, a factor which has been 
consistently identified as a significant influence on parents’ communication about death, and 
their death anxiety in addition to death experience. Based on her findings, Matalon proposes 
that the observed improvement in parental communication as children’s experiences increase 
can be explained by a decrease in anxiety or discomfort about death in general due to the 
increasing exposure to, and subsequent need to talk to their child about death. this decrease in 
anxiety and greater familiarity with death is believed to result in increased comfort with the 
idea of discussing death with their child, and thus improved communication. Although 
currently only a theory, this line of inquiry would explain why parents’ communication 
improves as the number of experiences increase and is worthy of further exploration.  
It should be noted here, that differences between no experience and any experience of 
death were not detected. However, this could have been affected by the unusually high 
percentage of children in the current sample who were reported to have experienced at least 
one death. Furthermore, given that only 13 children had no experience with death, the 
influence of age may have been suppressed by the experience of death. Studies have 
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consistently reported that parents are more likely to talk to their children about death when it 
occurs, especially in the youngest children. Given the high number of children who had 
already experienced a death, it is probable that their parents had already been “forced” to talk 
to their children. It is possible that differences may be observed amongst parents whose 
children have not yet experienced a death.   
Overall, this study challenges pre-existing research surrounding parental 
communication about death which has found that parental communication is strongly 
influenced by the age of the child. Furthermore, it revealed that, contrary to expectation, no 
differences existed in farm and city parents general communication about death. However, 
these findings should be considered carefully in light of the high proportion of participants 
who had already experienced a death. Most importantly, this study found that parents’ 
religious beliefs, SES, and the number of times a child has experienced death are significant 
predictors of parents’ feelings and approach to talking about death.  
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Chapter 10: General Discussion 
The current research provides an in-depth examination of the development of 
children’s biological concepts and reasoning patterns by exploring both the universal 
developmental trends in concept acquisition as well as potential sociocultural and experiential 
factors which may influence the acquisition and trajectory of such concepts. The combined 
findings of these studies provide greater insight into how children’s biological concepts 
(namely death) and reasoning patterns develop. Furthermore, these findings lend support to 
the observations of Inagaki and Hatano (2003, 2006, 2008) that sociocultural and experiential 
factors play an important role in the acquisition and development of children’s biological 
concepts and reasoning patterns, even when universal developmental trends may exist. 
Specifically, the results of studies 1 and 2 provide evidence that while children’s 
conceptualisation of death as a biological process does follow a relatively strong 
developmental trend, the rate at which an understanding of death is acquired is strongly 
influenced by sociocultural and experiential factors. Additionally, Study 2 indicates that 
children’s (and, by extension, likely adults’) reasoning patterns are primarily influenced by 
experiential and sociocultural influences on children’s biological knowledge.  
We discuss these findings and their theoretical and practical implications in greater 
detail by focusing first on the universal developmental trends observed in children’s 
developing understanding of death and how this relates to our underlying understanding of 
how children’s naïve biological theories develop. In addition, we discuss the implications of 
the lack of age-related differences in children’s reasoning patterns, and how this reflects the 
importance of understanding how children acquire their naïve biological theories.  
We will then examine the differences observed between farm and city children and 
draw on our understanding of how children’s naïve biology develops to explain the 
differences in both death concepts and reasoning patterns observed between the two groups 
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of children. we will then explore the sociocultural influences of a) socioeconomic factors (i.e. 
perceived SES and education), b) religious beliefs, and c) parental communication about 
death and dying. Finally, we discuss the importance on exploring how children develop a 
variety of different science concepts through both informal and formal learning, and discuss 
our results in relation to children’s formal science knowledge. 
Developmental Progression of Death Understanding 
As was expected, children’s understanding of death was found to increasingly mature 
between 4 and 8 years old, with older children tending to have more mature concepts of death 
than their younger counterparts. In line with recent studies (Matalon, 2000; Panagiotaki et al., 
2014; Panagiotaki et al., 2018; Rosengren et al., 2014b), the 4 – 5-year-olds had already 
started to grasp the initial sub-concepts of inevitability, irreversibility, and cessation. Our 
findings support the suggestion made by Nguyen and Gelman (2002) that children are 
capable of understanding some aspects of death as young as 3 or 4 years old, earlier than is 
generally thought; with the majority of 4-year-olds in our study already demonstrating a 
mature understanding of the sub-concepts of inevitability (69.5%), irreversibility (60%), and 
cessation (50%). However, there were several cases which diverted from the norm. Some 
children did demonstrate fully or nearly mature concepts of death at 4 and 5 years, while 
some older children performed similarly to their youngest counterparts. 
The literature agrees that children’s understanding of death generally develops along a 
developmental trend, with the sub-concepts of death being acquired in a generally consistent 
order (Badenhhorst, 2010; Panagiotaki et al., 2018; Rosengren et al., 2014b; Slaughter & 
Griffiths, 2007; Slaughter, 2005). Our findings are similar to those reported in recent studies, 
with children first acquiring a mastery of the sub-concepts of inevitability, irreversibility and 
cessation around the same time, with an understanding of applicability emerging some time 
later. The sub-concept of causality took the longest to acquire, with even the eldest children 
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struggling to grasp a fully mature understanding of the causality of death. This sequence of 
sub-concept acquisition was found to be consistent across both city and farm children, and 
reflect those observed in Panagiotaki et al.’s (2014) comparison of British and Pakistani 
children, suggesting a generally universal developmental pattern.  
However, it should be noted that the questions and coding scheme used to assess 
causality are rather complex, as they require children to use causal reasoning as well as apply 
their understanding that the breakdown of bodily functions results in death. In order to 
answer these questions, they must reason that the damage caused by the external “cause” or 
illness leads to a disruption of the internal organs or processes necessary for maintaining life, 
and therefore result in death.  As such, children must first link the external “cause” of death to 
some physical or disruptive effect on the body, such as damage to an internal organ or bodily 
functions, understand that these parts or functions are necessary to maintain life, and 
therefore conclude that the external “cause” or illness causes death as a result of its effect on 
the body.  
Additionally, there is some dispute in the literature regarding the phrasing of 
questions and how responses should be coded when assessing causality which suggest that 
the wording of the causality questions currently used in the SDI are too difficult for young 
children to grasp. We discuss these issues in greater detail later on.  
The early understanding of cessation observed in the current study is consistent with 
the findings of recent studies (Panagiotaki et al., 2014; Panagiotaki et al., 2018; Rosengren et 
al., 2014b), which suggest that children are capable of understanding the cessation 
component of death around the same time as they begin to understand inevitability and 
irreversibility, earlier than was previously thought. This early acquisition of an understanding 
of cessation is the logical progression of children’s understanding once they acquire the naïve 
understanding of vitalism, since cessation is the logical result of death if the body functions to 
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maintain life. Considering the importance of a vitalistic causality in children’s developing 
understanding of death, an early understanding of cessation seems reasonable, despite early 
reports that cessation was a complex sub-concept to acquire (See Kenyon, 2001; Slaughter, 
2005 for review). Studies which have found cessation to be acquired just before causality 
tend to use a mix of biological processes and mental processes, which Harris and colleagues 
(Harris, 2011;2018; Harris & Gimenez, 2005; Legare et al., 2012; Panagiotaki et al., 2018; 
Rosengren et al., 2014a) suggest can elicit religious conceptual responses relating to 
continued existence after death. Furthermore, these studies tend to consider religious answers 
to demonstrate a failure to understand the biological nature of death, rather than reflecting a 
separate, dual understanding of religious concepts of death. As a result, studies which confuse 
religious with immature responses risk underestimating children’s actual understanding of 
cessation and could explain the previously held belief that cessation is a difficult concept for 
children to acquire. 
Influence of Age on Children’s Biological Understanding 
Based on the literature, we expected children’s biological understanding, both formal 
and informal, to increase with age. It is widely recognised that children’s biological concepts 
and theories undergo significant changes between the ages of 3 and 8 years of age. As 
mentioned in Chapter 1, children’s conceptual changes in naïve biological theories are 
associated with their developmental age. However, there is also evidence that despite some 
universal trends in conceptual development, experiences and cultural differences can result in 
differences in the rate and progression of children’s biological theories. Despite this, 
uncertainty remains as to which biological concepts and theories develop as a result of 
developmental age or age-related differences in experience, or are acquired through informal 
experiences, cultural transmission and formal learning, nor the extent to which these factors 
contribute towards the rate and progression of development.  
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Before exploring the influence of these additional experiential, sociocultural, and 
individual differences on the development of children’s biological understanding, we first 
look at the influence of age on children’s death concepts, formal science knowledge, and 
ecological reasoning. We examine these findings in turn. 
Death Concepts 
Our examination of the relationship between children’s age and their death 
understanding will begin by looking at the individual sub-concepts of death, before 
examining children’s overall death concepts.  
Sub-concepts of Death 
Based on the literature, we expected to see a significant positive association of age 
with each of the sub-concepts of death. As expected, the individual sub-concepts of 
applicability, irreversibility, cessation, and causality were significantly associated with 
children’s age, with older children generally demonstrating a more mature understanding of 
each sub-concept. However, further analysis taking into account additional factors found that 
the influence of age on the sub-concepts of irreversibility was no longer significant.  
Most notably, children’s age was only found to contribute to children’s cessation sub-
concept when children were younger than 5 years of age, suggesting that the majority of 
children have acquired an of cessation understanding by 5 years of age. Children who had not 
acquired a mature understanding of cessation, may require more experience in the domain or 
formal schooling before they acquire a mature understanding. In addition, it is possible that 
children’s experiences and cultural input through religious explanations could affect the rate 
at which some children acquire an understanding of cessation.  
The finding that age was not found to be a significant predictor of children’s 
understanding of inevitability and irreversibility in the current sample could be due to the 
high proportion of children who had already mastered the sub-concept (inevitability: 78.3%, 
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irreversibility: 74.3%). Additional research with younger children may find a stronger effect 
of age in younger participants in the very earliest stages of learning about death.  
Consistent with the literature, children’s age was observed to be most highly 
associated with the sub-concepts of applicability and causality, suggesting that these sub-
concepts are the most strongly influenced by children’s age. This finding is consistent with 
previous studies, which have found that causality is the most difficult sub-concept to acquire 
and as such takes longer to develop than other sub-concepts (See Kenyon, 2001 and 
Slaughter, 2005). The strong correlation of applicability may reflect a similar complexity in 
the understanding of the sub-concept; however, it may be that both sub-concepts are 
underestimated due to methodological concerns identified with the phrasing of the question 
during the interviews. This is discussed in greater detail as part of our discussion of 
methodological limitations. 
However, it should be noted that the questions and coding scheme used to assess 
causality are rather complex, as they require children to use causal reasoning as well as apply 
their understanding that the breakdown of bodily functions results in death. In order to 
answer these questions, they must reason that the damage caused by the external “cause” or 
illness leads to a disruption of the internal organs or processes necessary for maintaining life, 
and therefore result in death.  As such, children must first link the external “cause” of death to 
some physical or disruptive effect on the body, such as damage to an internal organ or bodily 
functions, understand that these parts or functions are necessary to maintain life, and 
therefore conclude that the external “cause” or illness causes death as a result of its effect on 
the body.  
Additionally, there is some dispute in the literature regarding the phrasing of 
questions and how responses should be coded when assessing the sub-concepts, which 
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suggest that the wording of some of the questions currently used in the SDI are too difficult 
for young children to grasp.  
Overall Understanding of Death 
As was expected, children’s understanding of death was found to increasingly mature 
between 4 and 8 years old, with older children tending to have more mature concepts of death 
than their younger counterparts. In line with recent studies (Matalon, 2000; Panagiotaki et al., 
2014; Panagiotaki et al., 2018; Rosengren et al., 2014b), the 4-5 year-olds had already started 
to grasp the initial sub-concepts of inevitability, irreversibility, and cessation. Our findings 
support the suggestion made by Nguyen and Gelman (2002) that children are capable of 
understanding some aspects of death as young as 3 or 4 years old, earlier than is generally 
thought; with the majority of 4 year-olds in our study already demonstrating a mature 
understanding of the sub-concepts of inevitability (69.5%), irreversibility (60%), and 
cessation (50%). However, there were several cases which diverted from the norm. Some 
children did demonstrate fully or nearly mature concepts of death at 4 and 5 years, while 
some older children performed similarly to their youngest counterparts. 
While we expected to see significant improvements in understanding between each of 
the age groups, our analysis of the development of children’s death understanding indicated 
that children’s death concepts did not differ significantly between the ages of 4 and 6, with 
children’s understanding improving only slightly during this time before appearing to plateau 
around 5 and 6 -years of age. However, when they reached the 7-8 years of age, children’s 
understanding improved significantly.  
In general, by 6 years, the majority of children had mastered their understanding of the 
inevitability, irreversibility and cessation sub-concepts, with causality and applicability still 
developing. This suggests that once children had acquired their understanding of the concepts 
of inevitability, irreversibility and cessation, the development of their understanding 
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stagnated until a significant shift in understanding began to occur around 6 and 8 years.  
Furthermore, this shift appears to coincide with the start of children’s acquisition of the more 
complex sub-concepts of the applicability and causality of death. 
In light of this unexpected finding we decided to look at the formal curriculum to see if 
there were any indications in what children are being taught in schools which may help 
explain this temporary plateauing of children’s death understanding. A review of the science 
curriculum in Queensland schools revealed that the science content taught in formal 
schooling in the first four years of schooling (Prep – Grade 3), which corresponds with our 
age groups of interest, could explain this finding.  
In general, Queensland primary children aren’t taught explicitly about the human body, 
in particular the internal anatomy, nor focus on living/ non-living distinctions until Grades 2-
3 (QLD Curriculum), which coincides with the age groups of 7 and 8 in our study. It is 
possible that parents also restrain from explicit discussion about the human body, the 
applicability of death for all living things (including plants), and in particular the 
understanding of causality and the lifecycles of living things until they begin to learn about it 
at this age. This suggests that the significant improvement in this group could be due to 
children learning more about the human body and living things during this period, which 
enables them to reconceptualise their understanding of death and begin to acquire an 
understanding of the sub-concepts of applicability and causality. We discuss these findings 
further as part of a wider discussion of the importance of better understanding the possible 
interrelations between children’s formal and informal biological knowledge and identifying 
how different biological concepts and theories develop.  
Formal Science Knowledge 
Consistent with our general expectation, the current study found that children’s formal 
science knowledge was most significantly influenced by children’s age than any 
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socioeconomic or experiential factors. This confirms that the test assessed knowledge 
accumulated through formal schooling, and that individual factors such as family income, 
parental education, and rearing location did not have a significant influence on children’s 
school-based knowledge.  
Ecological Reasoning 
Based on the literature, we predicted that older children would provide a greater 
number of ecological responses than younger children. However, no significant differences 
were observed across the age groups. Contrary to expectation, the number of ecological 
responses children made did not increase with age, nor were any significant differences 
observed in children’s responses between 4 and 8 years of age.  
These findings are in contrast to previous studies by Coley and colleagues (Coley 
2012; Coley, 2005; Ross et al., 2003; Unsworth et al., 2012), have observed significant 
increases in ecological reasoning as a function of age, with age also being identified as a 
predictor of ecological reasoning. These researchers argue that older children are more likely 
to engage in ecological reasoning than younger children due to the increased knowledge 
about the natural world accrued with age. 
Instead, our findings support an alternate proposal that direct domain-relevant 
experiences may be more important than developmental age in children’s reasoning strategies 
(Coley, Shafto et al., 2005; Coley, Vitkin et al., 2005). Thus, children’s actual experience and 
opportunities to acquire knowledge plays a greater role in the development of children’s 
reasoning strategies than developmental age.  
Summary 
While developmental age is an important factor in children’s acquisition of knowledge 
and concepts, research suggests that the rate at which children acquire these concepts can be 
influenced by sociocultural and experiential factors, which advance children’s biological 
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understanding. Furthermore, there is some evidence to that certain informal naïve biological 
concepts and theories are influenced more by experiential and social influences, rather than 
developmental age. 
Overall the evidence indicates that children’s understanding of death follows a 
relatively robust developmental trajectory, with children’s understanding of death developing 
alongside their biological theories and knowledge about related phenomena. However, while 
developmental age is an important factor in children’s acquisition of knowledge and 
concepts, sources which influence children’s experience and acquisition of knowledge about 
nature also play a part in children’s developing biological theories. The current study found 
that the rate at which children acquire their overall understanding of death, as well as the 
individual sub-concepts and can be influenced by sociocultural and experiential factors which 
advance children’s biological understanding. 
Sociocultural Influences 
Given that children’s naïve biological theories are constructed through the child’s 
experiences in their natural and sociocultural environment, understanding the influence that 
such experiences may have on the development of children’s various biological concepts and 
reasoning patterns can help cognitive developmental theorists to develop a truly 
representative understanding of how children come to understand biological phenomena 
(Inagaki & Hatano, 2004, 2006, 2008).  
Throughout the project, several sociocultural influences were consistently found to 
influence children’s understanding of biology and death, specific concepts of death vital to 
children’s understanding of death as a biological process, and the way parents communicate 
about death with their children. We discuss each of these in turn.  
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Influence of Rearing Location 
As outlined in Chapter 2, the literature has demonstrated that children’s direct 
experiences with nature can have a strong influence on their knowledge about and attitudes 
towards animals, their understanding of certain biological phenomena, and the reasoning 
strategies they employ when faced with new information. Given that children draw on their 
own experiences with nature and biological phenomena to develop their own naïve theories 
of biology to help them understand and make sense of the world, several researchers have 
suggested that children growing up in rural areas, where experience with nature is greater, 
may differ to their city counterparts in their understanding of biological concepts (Coley, 
2012; Dempster & Stears, 2014; Ross et al., 2003; Tarlowski, 2006; Williams & Smith, 
2006).  
Based on these findings, we expected to see a significant difference in reasoning 
strategies between farm and city children, with farm children providing a greater number of 
ecological projections than their city counterparts due to their increased experience with 
natural ecosystems. We also predicted that that children living on farms would have more 
sophisticated understandings of death than children who do not live on farms, demonstrated 
by significantly higher scores on the standard death interview. Finally, we hypothesized that 
individual sub-concept understanding may differ between farm and city children.  
The results of Study 2 provide additional support for the argument that children 
growing up in rural areas develop their biological knowledge differently in comparison to 
their city peers. Specifically, we found that farm children’s reasoning strategies were more 
sophisticated than their city counterparts when reasoning about novel properties. Similarly, 
farm children were found to have more mature concepts of the cessation sub-component of 
death, and had a more mature understanding of death overall than their city counterparts.  
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Before exploring whether farm and city children differed in their biological 
understanding, we also sought to identify any individual experiences which may make an 
independent contribution to children’s biological understanding. No single type of 
experience, nor how often children engaged in informal experiences or activities with nature, 
were found to be significantly related to children’s biological understanding. However, there 
were too few cases of children who didn’t own pets and no personal experiences with death given 
to allow for statistical tests of analysis to be conducted for two of the main experiences thought to 
contribute uniquely towards children’s biological concepts. As such, we were unable to determine 
whether the absence of these experiences would result in a different rate of acquisition to those 
observed in children who do have experience with death or owning pets.   
No single type of experience, nor how often children engaged in informal activities 
and experiences with natural phenomena, were found to have an independent effect on 
children’s understanding of biological concepts. While we tried to measure the frequency 
with which children engaged in ‘experiences’ and activities which involved nature or death, 
these consisted of a variety of specific types of experience which both city and farm children 
may encounter and does not take into account everyday experiences which children can have 
with nature, especially those living on farms. Nor could we account for differences in the 
settings these experiences may take place, nor the input received through dialogue with 
others. However, the significant differences observed between farm and city children suggest 
that contact and direct experience with nature has a more general influence on children’s 
biological knowledge and theories. 
Thus, the difference in children’s biological concepts is likely due to the holistic 
experience of living on farms, which encompasses various everyday opportunities to observe, 
experience and interact with nature and the conversations children have about these 
experiences. Furthermore, children living in rural environments, especially Australian farms, 
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are often made more aware of risks and dangers in their environment (for example: snakes, 
predators, bushfires or floods, dehydration, and the need to be careful around animals to 
avoid being kicked, trampled, bitten, etc.), which may contribute to their exposure to 
concepts relating to injury, death, nature, or other biological phenomena.  The accumulation 
of a greater variety of experiences with natural phenomena are likely have a profound effect, 
not only on children’s biological knowledge and understanding, but also their interest and 
motivation to learn more about biology and nature in order to develop their biological 
theories and understanding further.  
We found that children living on farms were significantly more likely to make 
ecological responses compared to their city counterparts. More specifically, while both city 
and farm children demonstrated selectivity in the reasoning strategies they employed, with 
taxonomic relations more frequent when reasoning about internal properties and ecological 
relations more salient when inferring the spread of disease, children living on farms showed a 
clear preference for employing a more sophisticated reasoning strategy (ecological 
relationships) when making inferences, while their city counterparts favoured less 
sophisticated patterns (taxonomic similarity). Furthermore, our results support the suggestion 
that the reasoning strategies employed by children are influenced more by their rearing 
location, and presumably their subsequent experience and familiarity with nature, than their 
developmental age (Coley, Shafto et al., 2005; Coley, Vitkin et al., 2005). These findings are 
consistent with the previous studies conducted by Coley, Medin, and colleagues (Coley 2012; 
Coley, Vitkin et al., 2005; Ross et al., 2003; Tarlowski, 2006; Waxman & Medin, 2007) 
exploring differences between rural and urban children, which have consistently shown rural 
children to have more sophisticated reasoning strategies than their urban counterparts.  
It has been suggested that children living on farms have greater access to 
environments where ecosystems are relatively intact, and as such are better able to observe 
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and learn about ecological relationships (Coley, 2012; Dempster & Stears, 2014; Geerdts et 
al., 2015a; Hermann et al., 2012). Alternatively, children living in urban areas may be 
restricted to more informal learning environments where ecosystems are not intact, such as 
zoos, museums, or local parks, and have less frequent exposure to such environments. As a 
result, rural children’s experiences with nature make the relationships that exist between 
species within an ecosystem more salient when reasoning about certain phenomena, such as 
diseases. It is also possible that children raised on farms are also exposed to ecological 
relationships, especially the context of disease transmission, and biological phenomena as a 
result of living and working with animals or plants. For example, children may learn that 
animals can get sick by eating diseased hay or grass. Farm and rural children are also more 
inclined to take part in activities which engage with nature, such as raising pets, horse-riding, 
cattle showing, hunting and fishing, than their city counterparts.  
Given that recent research suggests that children’s experiences with animals and 
nature result in changes in biological knowledge, farm children’s biological concepts are 
likely to be influenced as well. For example, children living on farms tend to have a better 
understanding of their internal anatomy as a result of direct experience and communication 
with others (Dempster & Stears, 2014). Furthermore, they tend to develop a more advanced 
understanding of the needs and biological functions of animals through raising and direct 
experience with animals (Geerdts et al., 2015a; Myers et al., 2004). Given that children’s 
understanding of death develops in conjunction with these related biological concepts, and 
children living on farms are uniquely positioned to encounter and learn about death as part of 
their daily lives, we expected that similar differences may exist between farm and city 
children’s death concepts.  
Consistent with expectation, a significant, though small, difference was detected 
between farm and city children’s understanding of death, with farm children demonstrating 
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more mature death concepts than their city counterparts. Although small, this suggests that 
factors associated with living on farms can influence children’s death concept formation. 
However, this difference became clearer once the interaction between rearing location and 
parental education was examined. 
Furthermore, our analysis revealed that the sub-concept of cessation differed 
significantly between farm and city children, with farm children demonstrating a more 
mature understanding of the cessation of bodily functions. Further analysis revealed that 
rearing location was the strongest predictor of children’s understanding of cessation, with 
religious belief the second strongest factor. Most notably, children’s age did not significantly 
contribute to children’s cessation sub-concept beyond that already explained by their rearing 
location and parents’ religious beliefs, suggesting that children’s understanding of cessation 
may be more dependent on experience and cultural input through religious explanations, than 
developmental age.  
Children living on farms, especially those with livestock, are more likely to encounter 
dead animals and plants. These deaths can be due to both environmental factors (e.g. drought, 
floods), ecological factors (e.g. snakebites, kangaroo, dingo, and fox attacks), biological 
causes (e.g. disease and old age), and external factors (e.g. hunting and slaughtering animals). 
Furthermore, children are often involved in caring and showing animals, which can result in a 
better understanding of their anatomy and biological needs. These experiences may result in 
children acquiring a vitalistic causal framework earlier than city children whose exposure to 
the realities of nature are more constrained. this earlier acquisition of a vitalistic framework 
would lead to an understanding of cessation to develop sooner, and as such may explain why 
farm children demonstrated a more mature grasp of this sub-concept than their city peers 
whose understanding may require a greater understanding of the body and biological needs. 
Furthermore, this earlier shift from a non-biological framework, to an understanding of 
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vitalism would also explain why children living on farms, who have greater experience with 
nature, and as such more opportunity to develop their naïve biological knowledge and 
theories, also have better overall death understanding when compared to city children.   
As well as having greater exposure to nature, rural parents have more opportunities to 
talk with their children about biological phenomena due to their close proximity to nature. 
They may also have a greater interest in nature, or have a better understanding of the natural 
world, and as a result have more in-depth conversations about nature than city parents. This 
would seem particularly true of farmers, where nature is a part of everyday life and 
conversations are likely to revolve around biological phenomena, irrespective of the industry 
they work in. For example, the recent outbreak of Hendra Virus in Flying Foxes may have 
resulted in some children living on farms to be exposed to the fact that different animals and 
plants living in the same environment can be affected by the same virus. In this case, the 
Hendra Virus can be transmitted from flying foxes to horses (and humans), and plants can be 
infected by flying fox dung infecting the soil. Furthermore, previous research has found that 
children in rural areas are more likely to engage in conversations with others about nature, 
and that this is strongly related to their direct experiences with nature (Cameron-Faulkner, 
Macdonald, Serratrice, Melville, & Gattis, 2018). Therefore, children and parents living on 
farms may engage in a greater number of conversations about biological phenomena in 
general, compared to their city counterparts.  
Finally, as mentioned in Chapter 4 children often overhear their parents’ conversations 
and use this information to build their understanding of biological concepts. Whilst the 
examples provided in Chapter 4 related specifically to the topic of death, this transmission of 
information through eavesdropping is likely to influence other biological concepts. I propose 
that children living on farms are also exposed to more conversations about various biological 
phenomena through the conversations that their parents have about aspects of farming. For 
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example, children may learn about inheritance or birth by overhearing parents talk about 
breeding and insemination of livestock. Children living in the city, on the other hand, are less 
likely to be exposed to conversations that revolve around biological phenomena.  
Although no differences were observed between farm and city parents communication 
about death, this measure specifically assessed their approach to talking about death and 
comfort with the subject. It is possible that farm parents may be more inclined to talk about 
related biological concepts related to children’s understanding of death and cessation, 
specifically illness, growth and bodily functions, which in turn enable children to utilise this 
knowledge to develop their concepts of death. Furthermore, due to the scope of the current 
study, the type of information parents actually provide, and the frequency of such 
conversations were not taken into account. It is possible that city and farm parents differ in 
what they say, and how frequently they actually talk about death with their children.  
Additional observations 
While no statistical difference was found between the farm and city children’s 
performance on the formal science knowledge test, we would like to note that the interviewer 
noticed distinct differences in how the two groups of children approached and answered the 
questions. In particular, farm children were more inclined to answer the questions without 
need of the multiple-choice options and were more likely to explain their decision than their 
city counterparts. Another interesting observation was that farm children were more likely to 
correctly answer questions relating to the inheritance of traits or the needs of animals than 
their city peers. This is consistent with the observations that while formal schooling may be 
primarily influenced by teaching, out of school experiences and prior knowledge should be 
considered as factors, which can directly influence children’s early formal science knowledge 
(Sackes et al., 2011).  
CHILDREN’S BIOLOGICAL CONCEPTS 269 
While children’s naïve biological understanding may not always be consistent with 
formal science knowledge, it does often provide children with a foundation upon which to 
build a scientific framework or reframe their naïve biological understanding into a more 
sophisticated adult informal understanding or scientific understanding. As such, while 
children’s general science knowledge may be relatively consistent, farm and city children 
may still differ in their understanding of certain domain-specific topics. Due to the nature of 
the current study, the test used to assess formal science knowledge covered a wide range of 
concepts and topics and included content covered across 4 school years. As such we were 
only able to get an overview of children’s general knowledge.  
Further research exploring children’s age-specific formal science knowledge which 
covers a number of domains would provide researchers with a better picture of whether farm 
and city children differ when learning about certain domains as a direct result of their own 
domain-specific experiences. For example, in the current study only a handful of children 
correctly understood the purpose of pollen as a means for flowers to germinate. Of these 
children, the majority lived on farms which produced crops and were situated in farming 
communities where horticultural farming is the predominant form of agriculture. 
Furthermore, farming children whose families raised livestock demonstrated a greater 
understanding of the needs of animals for survival. Furthermore, farm children performed 
better on a question assessing children’s understanding of living things, while city children 
demonstrated a greater understanding of ecological concerns.  These observations suggest 
that children’s domain specific experiences may have a strong influence on their later 
understanding of formal science topics which relate to these domains. Therefore, certain 
science topics covered in school may be more strongly influenced by children’s prior 
knowledge and experience than other topics. 
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While rearing location was found to have an effect on children’s death understanding, 
in order to fully appreciate how rearing location influences this conceptual development we 
must first consider the influence of socioeconomic status.  
Socioeconomic Status 
Previous research indicates that children from higher SES families tend to have a 
greater understanding of several biological concepts linked to the understanding of death, 
such as illness, growth, and life (Lau et al., 1989; Sackes, Trundle, Bell, & O’Connell, 2011; 
Tare et al., 2011; Zhu & Fang; Zhu et al., 2009). Furthermore, it has been suggested that SES 
can have an important impact on children’s ability to construct a naïve theory of biology. 
Despite this, only a handful of studies have explored the influence of SES on children’s death 
understanding, with even fewer being conducted in the last 10 years despite the changing 
landscape of Western economic and labour markets (see Kenyon, 2001 for review).  
There is growing consensus among researchers that an individual’s socioeconomic 
status is a multidimensional construct which is best indicated by factors such as income, 
parental education, and profession. Although considered to be indicators of overall SES, the 
general consensus is that these factors should be considered separately, especially when 
exploring effects on concepts, as these indicators can have independent effects on overall 
outcomes (Bornstein, Hahn, Suwalsky, & Haynes, 2003; Office on Socioeconomic Status 
(OSES), 2019; Sheppard & Biddle, 2017). While there is some evidence to suggest that most 
individuals do have an accurate perception of their socioeconomic status, this is not always 
the case (Sheppard & Biddle, 2017).  As such, we consider both perceived socioeconomic 
status and parents’ level of education as indicators of overall socioeconomic status and 
discuss the findings relating to these factors together.  
The findings from the current project build upon the recent findings of Panagiotaki et 
al. (2018), and Vlok and deWitt (2012) that parental factors play a role in children’s 
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developing understanding of death.  Specifically, children’s overall understanding of death 
was found to be influenced by their parents’ education, depending on where they live; and 
that the understanding of inevitability and causality are strongly influenced by their SES and 
parents’ education, respectively. We first draw on research into children’s naïve biological 
understanding to explore the possible explanations for the influence of such factors on 
children’s developing death concepts. We next seek to explain the influence of these factors 
on children’s understanding of inevitability and causality, and finally conclude with a closer 
examination of the findings that parental education has a significant influence on city 
children’s overall understanding, but no effect on farm children’s understanding.  
Several suggestions have been provided by researchers to explain the influence of 
SES and parental education on children’s developing understanding of biological concepts 
(including death). These suggestions encompass factors which influence both the parents and 
children, for example, we found that perceived SES had an influence on parents’ 
communication about death and children’s understanding of the inevitability of death. 
However, we will discuss how SES factors may influence parents later as part of our 
discussion relating to communication about death.  For now, we focus on how SES and 
parental education may influence the conceptual development of young children.   
The literature on the relationship between SES factors and conceptual/ cognitive 
development, in particular those relating to the development of early science and biological 
concepts, suggest that parents who are more affluent or highly educated have access to better 
resources, provide more opportunities to develop their understanding of a variety of 
biological concepts, and are able to offer and encourage their children to engage in more 
activities that enable them to interact with, learn about, and experience nature and biological 
phenomena, either at home or through informal learning environments (i.e. science centres, 
museums, zoos, etc.; Hopkins, 2014; Lau et al., 1989; Panagiotaki et al., 2018; Williams & 
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Smith, 2006). This is likely to be particularly true in areas where access to such opportunities 
to encounter and experience nature are restricted, such as urban areas. Higher SES parents are 
thought to be more engaged and available than their lower SES counterparts (Hopkins, 2014; 
Lau et al., 1989; Panagiotaki et al., 2018), who may need to work longer or more 
inconvenient hours in order to meet financial requirements. As such higher SES parents may 
be more inclined to actively teach and encourage their children to learn about biological 
concepts, which in turn assists in the development of their understanding of death.   
Considering that research exploring ways to encourage death education in young 
children has found that learning about related concepts such as the lifecycle, how the body 
functions, seasonal changes, and living/ non-living distinctions develop their understanding 
of death  (See for example Badenhhorst, 2010; Lee et al., 2009; Slaughter & Lyons, 2003), 
children whose parents encourage them to learn about a variety of biological phenomena may 
acquire an understanding of vitalism earlier, and have access to a wider amount of 
information to develop and reformulate their understanding of death than children whose 
experiences and conversations about nature and biology are more restricted.  
In addition to the influence that SES factors may have on children’s experiences, 
parents’ approach to communication and learning about biological phenomena are thought to 
differ according to their level of education and SES (Harris & Koenig, 2006; Lau et al., 1989; 
Williams & Smith, 2006; Zhu & Fang; Zhu et al., 2009). It has also been suggested by 
researchers exploring the influence of SES on children’s death concepts (Hopkins, 2014) that 
because high SES parents are more likely to be older, their children may be more likely to 
encounter a death experience at a younger age (particularly grandparents), a factor which has 
been found to influence parents’ decision to start talking to their child about death. 
Furthermore, research suggests that those parents who are better resourced and educated have 
richer, more detailed, and better-informed conversations with their children about a variety of 
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topics, and as such children growing up in higher SES families are provided with more 
factual information relating to a variety of science topics (Callanan & Jipson, 2001; Hoff, 
Laursen, Tardif, & Bornstein, 2002; Panagiotaki et al., 2018; Williams & Smith, 2006; Zhu & 
Fang). 
Given that parental input is believed to interact with children’s direct experiences and 
observations of nature and biological phenomena (Nguyen & Rosengren, 2004), the types of 
experiences and conversations children have prior to formal schooling are vital to their early 
biological concepts. Thus, parents from higher SES and more educated families can provide 
children with richer information to develop and construct their naïve theories of biology by 
providing them with a wider array of experiences and richer information through social 
transmission of knowledge. Research in the US suggests that these opportunities to learn 
about a variety of natural and biological topics influence not only children’s knowledge (and 
subsequently their naïve biological theories), but also has an impact on their interest and 
motivation to learn more about science and biology when they enter early schooling (Sackes 
et al., 2011). Thus, young children from higher SES parents may be more inclined to learn 
additional information about biological phenomena, and thus develop their naïve theories, 
reasoning strategies, and biological concepts. For example, children from higher SES families 
may be more inclined to learn about bodily processes (or more receptive to new information 
taught in early schooling), and therefore develop their death understanding faster than 
children who are less motivated to expand their knowledge base.  
Inevitability  
Initial analyses indicated that SES was significantly associated with children’s 
understanding of the inevitability of death, with children from higher SES families 
demonstrating a more mature understanding of inevitability. Further analyses revealed that 
this difference is most prominently observed between children from working- or lower-class 
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families compared to middle income families (lower- through to upper-middle). This finding 
is somewhat consistent with findings reported by Kenyon (2001), in a review of the literature 
surrounding children’s understanding of death in general.  
Given that acquiring an understanding of inevitability was found to be related to 
parental communication it is possible that children from higher SES families have parents 
who communicate more effectively, and thus acquire an understanding of the inevitability of 
death faster than children from lower SES families. However, closer examination of the linear 
regressions suggests that while SES may be partially mediated through parental 
communication about death and dying, it continues to have an independent effect on 
children’s understanding. This provides additional support for the argument that SES 
influences children’s conceptual development through the interaction between direct 
experiences and socialisation. 
As we have seen, children from higher SES families are more likely to have 
opportunities to experience and observe nature. Children’s prerequisite understanding of what 
it means to be alive and what entities are alive inform children’s understanding that the 
opposite of alive is dead, and that therefore all things that are alive will eventually die. As 
such, young children from higher SES families may develop their understanding of 
inevitability faster as they are exposed to more opportunities to develop an understanding of 
the concept of “living things” and an understanding of what “life” is, both of which are 
necessary if children are to develop an understanding that all living things will eventually die. 
Furthermore, parents from higher SES families may provide different information about these 
related constructs to their children, resulting in their children acquiring an understanding of 
the perquisite biological information needed to begin to reconceptualise death in relation to 
life. Unfortunately, there is currently no research exploring how these biological concepts are 
related, and research exploring the influence of SES on children’s understanding of life and 
CHILDREN’S BIOLOGICAL CONCEPTS 275 
living things is still needed. However, this explanation would appear reasonable given our 
understanding of how children’s naïve biology develops.  
Causality 
While parental education did not have a significant independent influence on 
children’s overall understanding of death, it was found to have a significant influence on 
children’s understanding of the sub-concept of causality, with children of more highly 
educated parents demonstrating more mature causality understanding. Furthermore, a 
regression analysis found that, after age, parental education was the strongest predictor of 
children’s understanding of the sub-concept of causality. This finding supports the suggestion 
made by Panagiotaki et al. (2018) that parents who are more highly educated may encourage 
their children to learn and engage in richer and more highly informed conversations about a 
variety of concepts. 
While parental education did not significantly influence children’s overall 
understanding of death for all children, it was found to be a significant predictor of children’s 
understanding of the sub-concept of causality. Considering that causality is the most complex 
concept to master due to its abstract nature and pre-requisite of an understanding of biological 
functions in order to acquire a scientific causal understanding of death, this finding lends 
support to the suggestion that more highly educated parents provide more scientific 
explanations than parents with lower education levels.  
Furthermore, more highly educated parents tend to ask more questions and provide 
more explanations to their children (Callanan & Jipson, 2001; Kelemen, Callanan, Casler, & 
Pérez-Granados, 2005; Tenenbaum & Callanan, 2008). As such, parents who ask more 
questions may encourage children to develop their causal reasoning earlier. Considering that 
the causality questions require children to use causal reasoning, children from more highly 
educated parents may have greater experience or familiarity with such questions and are 
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therefore able to utilise this casual reasoning pattern earlier than children whose parents are 
not as highly educated. As such, the observed influence of parental education may in part 
reflect children’s general causal reasoning ability.  
Au, Romo, & DeWitt (1999) have suggested that children have difficulty acquiring 
and using knowledge about uniquely biological constructs such as illness and the causality of 
death, without some scientific biology being taught. Considering that an understanding of 
causality requires children to understand how body process and organs relate to living, 
children cannot fully acquire an understanding of causality until they have sufficient 
knowledge and understanding about the body and its biological functions to shift from a 
vitalistic to mechanistic causal framework. 
Previous research exploring children’s early science knowledge prior to school have 
found that parents with higher levels of education tend to provide their children with more 
informed/ scientific explanations and information than parents with lower levels of education 
(Sackes et al., 2011). Thus, parents who are more highly educated are likely to mediate their 
developing understanding of bodily functions in relation to the concept of causality by 
encouraging and engaging in experiences and conversations about the human and/ or animal 
body, internal organs, and bodily functions. On the other hand, children whose parents have  a 
lower level of education (and as such may not have as much prior knowledge about biology) 
must rely on formal learning to acquire and integrate sufficient information to reformulate 
their understanding of causality as the breakdown of bodily functions, and as such take longer 
to acquire a mature death concept.  
This explanation is further supported by an examination of children’s causality 
understanding across the different age groups according to their parents’ education level. A 
cursory examination revealed that while children whose parents held a high school or trade 
level education demonstrated a significant increase in understanding between 6- and 7-years 
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of age, children whose parents held a university degree showed a similar increase in 
understanding from 4- and 5- years to 6- years, with a smaller increase in understanding 
occurring between 6- and 7 – 8-years. This indicates that while children whose parents held 
lower levels of education did not demonstrate a significant shift in understanding until they 
began the school years where related concepts are taught in school, the children of parents 
with university level education began to acquire a more sophisticated understanding earlier.  
Based on these findings, we speculate that that children whose parents have higher 
levels of education, or who may work in science based careers, may provide their children 
with information about the human body earlier or more frequently than lower educated 
parents whose children are more dependent on formal schooling for the information about the 
human body necessary to begin to reformulate their death understanding and develop a more 
scientific understanding of the causality of death. 
Experience and communication matter – explaining children’s overall death 
understanding 
While parental education alone was not found to have a significant influence on 
children’s overall death understanding, further examination of the interactions between 
children’s rearing location and parental education on children’s overall understanding of 
death revealed that the influence of parental education varied depending on the population 
being examined. 
A comparison of farm and city children’s overall death understanding indicated that 
farm children generally displayed more mature death understanding than their city 
counterparts. However, an interaction was also detected between children’s rearing location, 
and their parent’s level of education. As can be seen in Figure 8.3, parental education was 
found to significantly interact with children’s rearing location, with city children’s overall 
understanding of death varying as a function of their parents’ level of education. However, no 
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differences in understanding were observed in the farm children, with all farm children 
demonstrating a similar death understanding irrespective of their parents’ level of education.  
Furthermore, when we examined these findings closer, the results indicated that, 
irrespective of their parents’ level of education, farm children’s death concept understanding 
was similar to that of city children whose parents held a bachelor degree or higher, such that 
both of these groups demonstrated more mature death understanding than their city peers 
from less educated parents. Furthermore, this difference was greatest for city children of 
parents with a high school education, indicating that this difference increased as the 
difference between the different levels of education increased within the city group.   
Overall, we found that the death understanding of all farm children, irrespective of 
parents’ education, and city children whose parents have a bachelor’s degree or higher were 
relatively similar, with the only differences in understanding existing in the city children 
whose parents had lower education levels.  This suggests that the overall difference between 
farm and city children in general is a product of the variability in city children’s 
understanding depending on parents’ level of education and experience with nature.  
While this finding may at first seem incongruent with the previous suggestions, we 
argue that these findings actually provide additional support for the proposed explanations 
outlined above. Previous studies exploring the impact of SES and parental education on 
conceptual and cognitive development have primarily focused on urban samples where 
opportunities to actively learn about, interact with, or experience nature are relatively limited, 
with only a handful of experiences that offer children an opportunity to observe or interact 
with live animals or intact ecosystems (for example raising pets, visiting natural parks, 
visiting zoos, etc.).  
For children living in cities, many of the opportunities and activities that enable 
children to experience nature require travel and are often expensive. Even when costs are low, 
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parents are restricted by their work schedules, with lower income parents most often 
restricted by cost and/or work commitments. As such, it is reasonable to expect that urban 
children whose parents have more time to spend on such activities, are less constrained by 
monetary considerations, and have greater interest in science/ biology and encouraging 
learning about biological phenomena, would have children who have acquired more 
sophisticated biological reasoning patterns, theories and concepts.  
However, children living in rural areas, especially on farms, have greater access to 
nature at home and in surrounding areas, and therefore have easier access to opportunities to 
experience, observe, and interact with nature. Furthermore, many farm children are expected 
to help out on the farm and often engage in activities relating to farm life (for example cattle 
showing, gardening, or hunting pests). As such, parental SES, especially factors which 
influence the ability to access opportunities for learning, would be less influential. Our own 
research revealed that children living on farms generally owned more pets, had more 
experiences with death, and on average had a greater number of informal experiences with 
nature and death than their city counterparts. Although these factors were not found to 
correlate independently with their death understanding, the combined effect of these factors is 
likely to have a greater influence than any single experience. Furthermore, these children are 
more likely to observe and interact with nature on a daily basis, as opposed to many urban 
children whose access may be restricted to out-of-home experiences or through the media.  
Furthermore, parents living on farms differ to their city counterparts in that most 
parents living on farms work in a domain-specific industry where both knowledge and 
interest in nature are essential. As such, irrespective of their level of education, these parents 
are more likely to be able to provide their children with well-informed explanations about 
natural phenomena, and are more likely to encourage their children to engage with and learn 
about nature. City parents, on the other hand, tend to be more varied in their familiarity with 
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nature, interests and professions, and as such more educated parents with a greater interest in 
nature, experience with science, or value further education are more likely to encourage their 
children to learn about and experience nature or science.  
A recent study by Cameron-Faulkner et al. (2018) found that British children and 
parents living in the city engaged in a greater number of conversations about nature, and that 
these conversations were more elaborate and covered a greater variety of phenomena, when 
they were taking part in a neutral task (treasure hunt) set in a natural area (natural park), 
compared to when they were engaging in the same neutral task in an informal learning 
environment designed to teach about nature at the same location. The authors concluded that 
direct experience with nature increases the diversity and specificity of parent-child 
conversations about nature. They argue that direct experiences with nature provide the 
optimal context for children to learn about nature. Considering that children living on farms 
have daily exposure to nature and greater opportunities to talk, experience, or observe 
biological phenomena, it is likely that they engage in a greater number of, and more detailed, 
conversations about nature with their parents. On the other hand, many of the opportunities 
for experiencing nature in urban areas are informal learning environments with varying 
degrees of “naturalness”, as such city parents and children may engage in fewer spontaneous 
conversations about nature when engaging in experiences with nature or biology, and as such 
children whose parents actively take a part in directing conversations that encourage learning 
about nature would benefit more from such experiences.  
Based on the literature, the most likely explanation for the observed differences in the 
influence of parental education on farm and city children’s overall death understanding is that 
children living on farms have easier, regular, and cheaper access to nature and biological 
phenomena and their parents are more likely to be able to supplement these experiences with 
frequent, richer, well-informed conversations. Whereas, opportunities for experiencing and 
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talking about nature are more restricted in urban environments, and as such the opportunities 
to access or experience natural environments or phenomenon for children living in cities are 
more likely to be affected by differences in access, as well as parents’ profession, education, 
and income.  
Religious Belief 
Previous studies have found that non-religious children tend to have more mature/ 
scientific concepts of death than children from religious families, especially those which 
emphasise a continued existence after life (Bonoti et al., 2013; Candy-Gibbs, Sharp, & 
Petrun, 1985; Florian & Kravetz, 1985; Panagiotaki et al., 2018; Rosengren et al., 2014a; 
Tallmer et al., 1974). Our results are consistent with these findings. We found that children 
from non-religious families had more mature concepts of death than children from families 
where at least one parent was religious. In particular, the sub-concepts of causality and 
cessation were found to be strongly influenced by whether or not children came from 
religious families, with non-religious children demonstrating more mature understanding that 
death results in the cessation of bodily processes, and that death occurs as a result of the 
cessation of bodily functions. Furthermore, children’s religious belief and rearing location 
were found to be more influential predictors of children’s understanding of cessation than 
their developmental age. These findings support the suggestion made by Candy-Gibbs et al. 
(1985) that religious background may be just as influential a factor in young children’s 
understanding of death as their age and cognitive ability. 
While, previous research exploring the effect of religious beliefs on children’s death 
concepts has shown inconsistent results (See Kenyon, 2001 and Panagiotaki et al., 2018 for 
review). However, these inconsistencies could be due to methodological differences and the 
examination of different religions and levels of religiosity without taking into account how 
they compare to non-religious populations. Unlike many of these previous studies, we 
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compared children where at least one parent was religious to children whose parents did not 
have any religious beliefs. Recent census surveys suggest that the percentage of Australian, 
American, and British adults who identify as “not religious” has notably increased over the 
last two decades (ABS, 2016; Jones & Cox, 2017; Lee, 2012; Newport, 2017; Office of 
National Statistics, 2011), with approximately 30% of Australians identifying as having no 
religious affiliation in the most recent census (ABS, 2016). Considering that the data 
indicates that there is a growing generational shift in non-religious affiliation, with younger 
generations up to 3 times more likely to identify as non-religious (ABS, 2016; Jones & Cox, 
2017), there would appear to be a growing need to determine how young children’s death 
concept development may differ between children raised in religious compared to non-
religious households. Our findings suggest that differences do exist, and that the influence of 
religious belief is not restricted to parental communication about death, but other sources of 
information as well. As such, we discuss our findings in relation to the influence of religious 
belief (as transmitted through parental and other sources) on children’s biological concept of 
death.  
One possible explanation for the influence of religious belief on children’s 
understanding of death as a biological phenomenon, is that young children who have not yet 
acquired a biological model of death, may be hindered in their ability to consolidate a 
biological explanation of death due to exposure to religious stories and teachings about a 
continued existence after death which contradict the biological facts. Research has shown that 
young children appear to favour a biological model of death, and only once children have 
consolidated their understanding of death as a biological event (or at least the earliest sub-
concepts of irreversibility and cessation), can children begin to understand and incorporate a 
religious concept of death (Astuti & Harris, 2008; Harris, 2011; 2018; Harris & Gimenez, 
2005; Legare et al., 2012; Panagiotaki et al., 2018; Rosengren et al., 2014b;). As such, young 
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children who are exposed to competing and contradictory information about the 
irreversibility of death, the cessation of bodily processes, and non-corporeal existence may 
struggle to consolidate the conflicting information being provided from various sources 
(including religious schooling, television, books, and Mass) to explain death.  
This may be especially prevalent in Christian religions where children are exposed to 
the resurrection of Christ and the story of Lazarus (both of which were mentioned by children 
during the current study’s interviews), which challenge the biological information being 
provided to children about the irreversible nature of death. Of course, we must note that 
children were also inclined to reference non-religious examples of myths and fictional 
creatures prevalent in the media, in particular ghosts, zombies, skeletons, and vampires. 
Furthermore, one child mentioned hearing about medieval fears of being buried alive and 
attaching bells to the coffins, and as a result was uncertain about how to answer the question 
about people coming back after burial. These examples highlight the importance of ensuring 
that children are provided with sufficient information to develop their understanding of death 
and the impact that inconsistent information may have on their ability to consolidate their 
understanding. Furthermore, these observations reflect the findings from studies which 
explored parental reports of their children’s misconceptions about death (Gutierrez et al., 
2014, Nguyen & Gelman, 2004; Tare et al., 2011). These studies have consistently found that 
parents from religious families report that their children hold a greater number of 
misconceptions about death than their non-religious counterparts (Nguyen & Gelman, 2004; 
Tare et al., 2011). Curiously, these same parents, who research suggests are more inclined to 
provide religious explanations, report that the majority of these misconceptions are religious 
in nature.  
It is also possible that young children who are raised in families where at least one 
parent is religious receive fewer biological explanations about death from their parents than 
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children raised in families where parents are not religious, and less inclined to provide 
religious explanations, or are more comfortable talking about death as a natural phenomenon. 
This would appear to be supported by the observation that parents who were religious 
reported that they felt talking about death was more difficult and were less likely to talk 
openly about death than their non-religious counterparts.  As such, observed differences in 
rate of acquisition between religious and non-religious children may simply reflect a delay in 
their acquisition of the biological knowledge necessary to reformulate their understandings of 
cessation and irreversibility from a biological standpoint, which is necessary for children to 
begin to incorporate religious information into a separate conceptual domain.  
Parental communication 
Although influenced by experiences and the sociocultural environment, parents’ 
communication about death and dying was considered to be an experience which influences 
children’s developing understanding of death. The results of Study 3 provide some support 
for the influence of parental communication on children’s understanding of death. Although 
parents’ communication was not found to make a significant independent contribution to 
children’s overall death understanding, it was found to have a difference on children’s 
understanding as a result of differences in communication relating to their religious beliefs. 
These findings suggest that parents’ religious beliefs had a strong influence on the way they 
communicated, which in turn influenced their children’s understanding of death.  However, it 
should be noted that several important factors need to be taken into account when interpreting 
these results. Firstly, in contrast to previous studies the vast majority of children in our study 
had already been exposed to at least one personal human or pet death, a major contributing 
factor in parents’ decisions to communicate about death. As a result, we cannot be sure 
whether our findings would extend to parents whose children had not yet experienced a 
personal death. In addition, the scope of the current study did not allow for an in-depth 
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exploration of the actual content of parents’ communication, nor the frequency with which 
such conversations take place. Both of these limitations will be discussed further in relation 
to future directions for research later.  
Predictors of the Effectiveness of Parental Communication  
Although the current research was inconclusive in relation to the relationship between 
parental communication and children’s understanding of death, the findings of Study 3 do 
contribute to our understanding of which factors influence parents communication about 
death and dying. These findings build upon the findings of previous studies exploring 
parental communication (Matalon, 2000; Gutierrez et al., 2014; Renaud et al., 2015; 
Richardson & Weinfeld, 1997), providing additional, supporting evidence that sociocultural 
factors and experiences, such as religious beliefs, SES, and the number of experiences 
children have with death, contribute towards the effectiveness of parents’ communication 
about death and dying.  
Religious Beliefs 
Our findings support the suggestion made by Renaud et al. (2013), that religious 
belief may have a stronger influence on the content of parents’ communication about death 
than age. Whether or not at least one parent was religious was found to be the most 
significant predictor of the effectiveness of parents’ communication, with religious parents 
having poorer communication than non-religious parents. One possible explanation based on 
the research conducted by Gutierrez, Rosengren and colleagues (Gutierrez et al., 2014; 
Rosengren et al., 2014b) and Renaud et al. (2013, 2015) is that this difference could be due to 
religious parents tending to provide a greater number of religious explanations about death 
and fewer biological ones. Given that parental effectiveness is rated based on the 
recommendations outlined by experts such as Grollman (1991), the use of religious 
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explanations which include analogies or euphemisms, or which do not provide factual 
information could lead to lower scores.  
However, another possible explanation relates to the possible influence of religious 
beliefs on parents’ death anxiety, a major contributing factor in the effectiveness of parental 
communication. Matalon (2000) found a significant correlation between religious belief, 
parents death anxiety and death communication. Specifically, she found that Jewish parents 
had higher levels of death anxiety than non-Jewish parents, and that this increased anxiety 
was correlated to poorer communication. However, she reasoned that this difference in 
anxiety was due to differences in afterlife beliefs, rather than any inherent religious factors. 
Similarly, Renaud et al. (2013) examined the effect of religious belief and death anxiety on 
the types of explanations parents provided. They found that religious parents provided more 
religious responses and fewer biological explanations. Further examination found that beliefs 
in an afterlife and death anxiety were significant predictors of parents’ decisions to provide 
religious or spiritual explanations to their children. They found that parents with stronger 
beliefs in an afterlife also reported higher death anxiety. However, the direction of this 
relationship could not be determined. As such, they argued that these factors combined 
contributed to the use of religious explanations, such that parents with higher death anxiety, 
and therefore less comfortable talking about death, and stronger beliefs in an afterlife are 
more inclined to use spiritual or religious explanations. However, the researchers did not 
explore whether religious belief itself was related to parents’ death anxiety, and that this 
explained the preference of more death anxious parents to provide religious responses.  
There is currently a debate surrounding the possible effect of religious factors on 
people’s death anxiety and attitudes about death and dying. Research exploring the effects of 
religion on death anxiety and attitudes has produced mixed results (for example Dezutter et 
al., 2008; Harding et al., 2005; Jong et al., 2018). However, several recent studies have 
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suggested that different aspects of religion may have different effects, such that some aspects 
may provide a buffer against death anxiety (such as belief that there is a continued existence 
after death), while other aspects may have a negative influence resulting in a greater fear of 
death (Harding et al., 2005; Jong et al., 2018). If religious belief does lead to an increased 
anxiety about death, then parents who are religious may be less comfortable talking about 
death, and therefore would have less effective communication than non-religious parents who 
think of death as a natural phenomenon, and as such may not be as anxious. While this is just 
speculation at the moment, this would seem to be a likely explanation given that religious 
parents reported that they found it more difficult to respond their children’s questions about 
death, were less likely to talk freely about death, and were more inclined to avoid discussing 
death directly in front of children (for example by using euphemisms and analogies). 
Furthermore, this provides an alternate explanation to Renaud et al. and Matalon’s findings. 
This raises the possibility that while religious beliefs may provide parents and children with 
solace and comfort when thinking about the deceased, it may also lead to general anxiety 
about death and greater discomfort discussing the topic. Further research is needed to explore 
whether this is the case, and if so, develop a clearer picture of the relationships between death 
anxiety, communication, religious factors and afterlife beliefs. It would also be important to 
determine whether religious beliefs may also result in death anxiety in children, and whether 
any observed relationships between beliefs and anxiety extend to all religions or relate to 
specific aspects of a religious belief system (for example punishment, judgement, etc.).  
SES 
Parents’ communication about death and dying was also found to be influenced by 
their SES, with higher SES parents having better communication. Furthermore, SES was 
found to be the second strongest predictor of parental communication after religion. While 
previous studies have not explored the influence of SES on the effectiveness of parents’ 
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communication, this finding is consistent with research exploring the influence of SES 
factors on parental communication (Callanan & Jipson, 2001; Frazier, Gelman, & Wellman, 
2009; Harris & Koenig, 2006; Hoff, Laursen, Tardif, & Bornstein, 2002; Hoff-Ginsburg & 
Tardiff, 1995; Kelemen, Callanan, Casler, & Pérez-Granados, 2005; Legare, Sobel, & 
Callanan, 2017; Tenenbaum & Callanan, 2008). 
As we have previously examined, parents from higher SES families are likely to be 
better educated and have access to more resources to enable them to communicate with their 
children more effectively than lower SES families may have. Furthermore, parents from 
lower SES families may not feel as well informed or equipped to answer their children’s 
questions about death and dying as higher SES parents. Given that lower SES parents 
reported that they found it more difficult to answer their children’s questions about death than 
higher SES parents, these possibilities seem probable and should be further explored. There 
may also be differences in folk-theories regarding children’s cognitive development or beliefs 
about what children need to be taught in early childhood which are unique to families from 
different SES backgrounds.  
It should also be noted here that parents from higher SES families may also provide 
their children with more opportunities for the subject of death to be raised, and this in turn 
may lead them to consider talking about death differently to parents who have fewer 
opportunities to encounter the need to talk about death in daily activities. Furthermore, if 
children ask questions about death when participating in activities or exploring in natural 
environments or informal learning environments directed towards biological or natural 
themes, parents may feel more comfortable to talk about death from a biological/ scientific 
standpoint and in so doing provide more effective communication. 
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Personal Death Experiences 
Previous research has found that children’s experiences with death influence their 
parents’ communication efficacy, with the effectiveness of parents’ communication improving 
as the number of deaths experienced increases (Matalon, 2000; Richardson & Weinfurt, 
1997). Although we were unable to statistically test whether parents whose children had 
experienced a personal death differed to those who had no experiences of death, we were able 
to explore the effect that the number of deaths experienced had on parents communication 
about death and dying. Consistent with the literature, we found that parental communication 
became more effective as the number of deaths children experienced increased. It has been 
suggested that this improvement is due to an increasing familiarity and comfort talking about 
the topic that arises from each new experience (Matalon, 2000; Richardson & Weinfurt, 
1997). Examination of parents self-reported responses to several individual questions of the 
CDDQ in the current study found that parents found it easier to talk about death as the 
number of human or pet deaths increased. This is consistent with Matalon’s (2000) 
observation that parents had lower levels of death anxiety talking about the topic as the 
number of deaths increased. These findings suggest that parents whose children have 
experienced more death feel more comfortable talking about death with their children and are 
less concerned about exposing their children to death related themes, and that this in turn is 
reflected in more effective communication.  
Additional observations 
While the findings of Study 3 do provide several insights into the influence and 
predictors of parental communication about death, there are some points of note. Firstly, due 
to the high proportion of children in our sample having already experienced a death, which 
the literature has found is a significant influential predictor of parents’ communication with 
their children, some findings may not be generalisable to children, and their parents, with no 
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death experience. For example, our results diverge significantly with the existing literature as 
children’s age was not found to have any effect on parents’ communication. However, this 
could be due to parents already having been forced to communicate with their children about 
death due to a personal death occurring. This may have forced parents to communicate about 
death, or seek help and resources for doing so, sooner than they may have done had the need 
to explain a recent death not arisen. Similarly, we cannot determine whether city parents 
whose children have not experienced a death communicate similarly to farm parents, or 
whether the similarities observed in farm and city communication can be explained by the 
experience of death influencing parents’ communication.   
Secondly, while the current study did not find any differences in farm and city 
parents’ communication, we acknowledge that due to constraints we were unable to conduct 
an in-depth examination of how parents actually communicate about death or the lifecycle, or 
the frequency with which conversations about death may occur. Nor were we able to compare 
how parents may communicate about related biological concepts, such as illness, life, the 
lifecycle, living/non-living distinctions, and bodily (human or animal) functions. It is 
therefore possible that while parents living on farms and in cities communicate similarly 
about death, they may differ in how often they are able to communicate or the types of related 
biological information they provide.  
Benefits of Informal and Formal Learning 
The current project provides additional support for the importance of sociocultural 
and individual factors, as well as daily experiences and interactions, in the development of 
children’s naive biological theories. Furthermore, these factors were also found to have a 
strong influence on how parents communicate about biological concepts. In particular, how 
these factors may influence children’s access to nature and opportunities to learn about 
biological phenomena. 
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Our findings also indicate that while children’s formal learning may contribute 
towards the development of children’s biological theories and adult intuitive knowledge, 
experiences with nature and domain specific education may have a more significant influence 
on the sophistication of both children and adults reasoning strategies than age and general 
formal schooling, emphasising the importance of informal learning and domain-relevant 
experience for the development of certain concepts.  
We found that children’s rearing environment appeared to provide children with a 
crucial, and unique, source of information about biological phenomena. Given the increasing 
urbanisation and decreasing contact with nature experienced in cities, this finding highlights 
the need to better understand how individual and sociocultural factors may scaffold children’s 
biological concept development when nature is not readily accessible at home, and 
investigate ways in which educators and policy makers can increase children’s ability to 
access and engage with nature from an early age. 
In addition to the importance of experience with nature, the current study also 
highlights the role of parental communication and access resources in children’s developing 
biological theories. In particular, the influence of religious beliefs on the development of 
children’s understanding of death. Due to the complexity of death being a biological, 
affective, and spiritual concept; the influence of religious belief on children’s understanding 
of death may be unique. However, it is possible that parents’ religious beliefs may influence 
other biological concepts related to death. For example, how parents discuss morality, illness, 
birth and natural disasters may have an influence on children’s development of these 
biological concepts.  
Given that research shows that religious parents provide fewer biological explanations 
to explain difficult or sensitive topics, namely death, it is possible that this tendency to favour 
religious explanations may extend to other biological phenomena which parents find difficult 
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to explain to their children. For example, do parents explain a natural disaster as a natural 
phenomenon or “act of God”? Considering that children draw on their knowledge and 
information to develop their biological concepts, children whose parents favour religious 
explanations may develop their understanding of such phenomena differently. If this is the 
case, better understanding how religious beliefs influence the transmission of information, 
both biological and spiritual, and how religious stories and explanations may be provided in a 
way that is developmentally appropriate may be needed.  
Although children’s formal science knowledge was not found to be influenced by 
socioeconomic or experiential factors in the current research, it was found to be strongly 
related with children’s understanding of death. Following further examination of the data, we 
consider two possible explanations for this.  
Given that many of the children had already acquired many of the sub-concepts prior 
to formal schooling, it is likely that this relationship is the result of a third extraneous factor 
which has a strong influence on children’s death understanding and formal science 
knowledge. For example, it is possible that children with a greater interest and motivation to 
study science develop their naïve biological understanding earlier as they actively seek to 
learn and understand more, and this may provide them with a better foundation for acquiring 
and incorporating formal science concepts than children who are less motivated or interested 
to learn. As a result of this increased desire to learn, these children would likely develop their 
understanding of life, death and the body earlier and be better able to understand science 
concepts taught in school due to their pre-existing knowledge. 
Alternately, as we have already mentioned, this relationship could be due to the 
influence of children receiving formal education about the human body, the distinction 
between living and non-living things, and lifecycles more generally.  This possibility would 
seem particularly likely for children’s reconceptualization of death as the result of the 
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breakdown of bodily functions. Although some children did demonstrate mature, or nearly 
mature, death concepts prior to formal schooling, the majority of children appeared to 
undergo a significant reformulation in their understanding around 7 and 8 years, suggesting 
that something occurred around this period that aided them in their reconceptualization of 
death from a vitalistic standpoint to a more mature scientific understanding. Considering that 
this shift coincides with the introduction of concepts such as the human body, living/ non-
living distinctions, and life-cycles in the official Queensland curriculum; it would appear that 
formal schooling is playing a role in children’s understanding. This is likely to be particularly 
true of children whose parents may not provide as much, or enough, information about the 
human body or what it means to be “alive” for children to develop their understanding of the 
more complex aspects of death: namely causality, that everything that is alive can die 
(including plants, infants, etc.), and that everything must die.   
This indicates that formal schooling interacts with informal learning opportunities to 
enable children to develop their biological theories. Our findings indicate that when 
children’s informal experiences or interactions do not provide children with sufficient 
information to reconceptualise their biological understanding into more mature or 
sophisticated concepts, formal schooling can be an important source of biological 
information. As such, there would appear to be a strong need to better understand which 
scientific concepts play an essential role in the development of children’s naïve biological 
concepts can assist children in the reconceptualization of their biological theories and acquire 
new reasoning strategies. Considering that children’s understanding of the human body has 
been found to be strongly associated with their understanding of both life and death (see for 
example Jaakola et al., 1999; Slaughter & Lyons, 2003; Zaitchik et al., 2014), as well as other 
health related concepts (for example physical education and respiration; Ewing, 2016), these 
findings suggest the need to introduce basic, developmentally appropriate education about the 
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human body earlier than the education system is currently recommending. For example, 
Slaughter and Lyons (2003) demonstrated that children as young as 4 and 5 were capable of 
learning about, and understanding, the basic functions of the human body; and more 
importantly that this understanding resulted in significant shifts in their subsequent 
understanding of death. Therefore, introducing what it means to be alive, the human body, 
and animal body functions earlier into the early childhood curriculum should help children 
develop their naïve biological understanding and help them acquire a more scientific 
understanding of health- and body-related concepts. This is particularly true for children who 
may not receive sufficient information through informal learning opportunities, for whatever 
reason.  
Limitations and Methodological Considerations 
This project is unique, as it is a one-of-a-kind study comparing farm and city 
children’s naïve biological concepts. While previous studies have compared rural and urban 
or suburban children, no studies have examined children living on farms, where daily life is 
vastly different to children living in towns or cities, irrespective of rurality. Furthermore, to 
the best of our knowledge, this is the first study to compare the biological knowledge of farm 
and city children living in Australia, where differences in daily experiences with nature are 
particularly notable. 
Our study also sought to identify socioeconomic, individual, and experiential 
differences which may contribute towards children’s developing naïve biological theories and 
may therefore play a role in children’s ecological reasoning and death understanding. Few 
studies have explored environmental influences on children’s death understanding, and what 
research has been conducted has produced inconsistent results. As such, our study sought to 
acknowledge that children’s understanding of death develops as a part of their naïve 
biological theories, and is therefore likely to be influenced by some of the environmental and 
CHILDREN’S BIOLOGICAL CONCEPTS 295 
experiential differences which have been identified as having an effect on the acquisition and 
conceptualisation of related biological concepts.  
However, there were also several limitations to the study. Firstly, the controversial 
nature of the topic of death and dying was encountered at a few points throughout the study. 
The most notable of which was that refusal of the department of education to allow 
recruitment or testing of children through Queensland schools, despite the study being 
adapted to have a greater focus on biological concepts including death. As a result, alternate 
methods of recruitment were implemented, with some difficulty. Due to the voluntary nature 
of the project, it was difficult to determine which of the city parents who declined our 
invitation to participate did so due to the focus on death, however in light of previous 
research it is reasonable to expect that a portion of the parents who declined to participate did 
so due to the topic. Despite this, the response from parents towards the study was quite 
positive. However, it should be noted that this may have been due to the majority of parents 
participating in the study being regular participants in early childhood studies. However, farm 
parents did not express any concern regarding the inclusion of death, with several parents 
even warning the interviewer that their child may give some rather blunt responses.  
As we outlined in Chapter 4, it must be acknowledged that due to the voluntary nature 
of our study the participants may not be representative of the general population. This may be 
particularly true of the city parents. As such, it is possible that parents in our study are more 
accepting or open to talking about death than the general population. If this is the case, then 
both parents’ responses and children’s performance could be reflective of only a sample of 
the population, and as such our data may not be generalisable to more protective parents and 
their children.  
Secondly, we were unable to pursue two of the key experiences which research 
suggested may influence the acquisition or development of children’s biological concepts. 
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Contrary to expectation, the proportions of children who owned a pet or/ and had experienced 
at least one personal human or pet death were much higher than expected. As a result, there 
were too few cases to allow us to explore the independent effects that these experiences may 
have on children’s understanding of death, reasoning, or formal science knowledge.  
Finally, there are several methodological issues and limitations which need to be 
acknowledged. We outline these concerns for each measure in turn. 
Children’s Death Concepts 
During the research several issues and limitations with the standard death interview 
were identified. We start by discussing issues relating to two of the sub-concepts questions, 
before making some observations about general issues which should be addressed in future. 
Throughout the study it became apparent to the interviewer that many children 
struggled with the question of applicability. A number of children simply answered “don’t 
know”, while others required prompting to encourage them to answer the question. Based on 
the comments made by several children, and their parents, this issue could be due to the 
misunderstanding that the question relates to living things, rather than all things that exist. 
This was exemplified by one child stating in frustration “I can’t think of anything living that 
doesn’t die!”. This expectation that the question referred to living things was voiced by many 
parents who admitted they hadn’t considered non-living things as part of the question. This 
could be due to the very nature of asking questions about a biological concept, which by its 
very nature relates to living things, or a possible priming during the initial questions to think 
of living things. Considering that a failure to answer the question is considered to reflect an 
immature understanding of applicability, it is important to ensure that children’s responses are 
not being affected by a failure to grasp the meaning of the question. A possible solution to 
this issue would be to use examples for children to refer to. For example, a recent Chinese 
study (Ji et al., 2017) had children first sort a series of photographs of living people, animals, 
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and plants and non-living natural and man-made objects into two categories of living and 
non-living. They then used these pictures as a reference when conducting the interviews. 
Using a similar array of pictures as a supplemental tool when assessing children’s 
understanding of inevitability and applicability may increase the validity of assessing 
children’s understanding of these concepts. Alternatively, Rosengren et al. (2014a) used an 
alternate set of questions to assess children’s understanding of universality (combining 
inevitability and applicability into one sub-concept). They included two questions to assess 
whether children believed anything was incapable of dying, and whether children understood 
death was not necessarily limited to the elderly: “can some [entity] live forever?” and “did 
the [entity] have to be very old when [it] died?”.  
A second point of concern is the assessment of children’s understanding of causality. 
Given that research has shown that young children’s understanding of causality significantly 
improved after their knowledge about the internal organs and functions of the body increased, 
it is possible that young children may find it easier to understand, or at least explain, causes 
of death which are more saliently linked with the body or specific organs. It was observed 
that children in the current study found it easier to provide a causal explanation for causes of 
death where it was easy to infer how the cause would affect the body in a specific way; for 
example, shooting, stabbing, drowning, heart attack, or head injuries. More complex causes 
of death where the effect on the internal functions are less obvious and may take longer to 
understand fully, such as poisoning, old age, and cancer may be too abstract for children to 
feel they can answer the question, and as such they may instead provide answers which 
reflect the explanations provided by parents when explaining a death or warning of the 
danger of something. Several of the children’s explanations for these more complex causes 
were reminiscent of Irizarry’s (1992) observations that children tended to repeat the 
explanations that their parents had provided them. For instance, “it’s poisonous so it will kill 
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you”, “they get too old and die”, or “they got very sick and died”. This could indicate that 
either the explanations provided by parents about how these causes relate to the functions of 
the body are insufficient for children to understand or that children with sufficient knowledge 
to understand that death is related to the breakdown of the bodily functions simply lack 
sufficient technical and biological understanding to reason about more complex causes where 
no single cause can be inferred.  
Another point of note is the phrasing of some of the questions used in the SDI. During 
the interviews, many children did not recognise the word ‘grave’ and so it was necessary to 
replace this with ‘ground’. Similarly, several children added the clause ‘at some point’ or 
‘eventually’ when responding to the inevitability question “do all [entities] die?” We also 
advise that the wording of the causality question needs revising to be easier for young 
children to understand. For example, “why would someone die if they were [cause]?” or 
“why would that make them die? How does someone die if they [cause]?” 
Finally, we make a few suggestions for future studies employing the SDI. One 
possible alternative for improving the validity of the causality question and gaining a more 
detailed understanding of what children think about death, is to include questions which 
assess whether children understand that internal functions are necessary for life, and that 
death is therefore the result of their breakdown. This could be done through the use of 
questions surrounding the meaning of death, what is necessary for something to live, and 
what happens if certain organs were to stop working. These questions could also be used in 
conjunction with questions assessing children’s understanding of life, which is theoretically 
believed to be essential for children’s understanding of inevitability to develop. A study by 
Zaitchik et al. (2014) exploring children’s understanding of life, death and bodily processes 
utilised a series of questions designed to assess children’s understanding of life and bodily 
functioning alongside the SDI. A similar methodology would provide researchers with a more 
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holistic understanding of how children develop their understanding of life and death, as well 
as providing researchers with a more accurate picture of children’s understanding of life and 
death as part of their overarching biological understanding, as well as their understanding of 
applicability and causality.  
Another suggestion is for future studies to incorporate a question or questions to 
assess children’s religious concepts. One way this could be done would be to ask children if 
they believe that any part of the person continues to exist after they die, or if they believe in 
an afterlife. Asking this question prior to assessing irreversibility or cessation would prepare 
interviewers to follow up children’s responses to determine whether children’s ‘incorrect’ 
answers reflect religious concepts. For example, rephrasing the cessation questions to ask 
“does the dead body in the ground need to breathe?” was found to elicit a negative response, 
while “does a dead person need to breathe?” often elicited responses with additional 
explanations linking the breathing to being a spirit or in the afterlife.  
Formal Science Knowledge 
In order to ensure that children’s performance on the biological concept tasks was not 
due to children’s school based (formally taught) knowledge instead of informal learning, we 
decided to include a test to assess their formal science knowledge. However, locating a test to 
assess young children’s formal science knowledge proved extremely difficult. Only one 
Australian measure was identified, with permission to use the life science components from 
previous NAPLAN tests aimed at prep to year 3 being denied. As a result, we were forced to 
make use of a standardised test developed for use in America, where the curriculum for early 
science knowledge mirrored the current Queensland curriculum. Although this measure does 
assess the same components taught in schools, the test was designed to assess knowledge 
accumulated over the first four years of schooling from kindergarden (the equivalent of 
Australia’s preschool) through to Grade 3 (Sadler et al., 2011). While this measure may be 
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good at comparing performance of the older children (aged 6 – 8 years), it does not 
necessarily provide sufficient variance to compare the existing knowledge of the youngest 
participants, where formal school knowledge may differ more extensively between farm and 
city children as a result of prior knowledge. Furthermore, the LSCQ has not yet been adapted 
for use with younger children and as such are not developmentally appropriate for assessing 
younger children. While all attempts were made to make the questions easy for the children 
to answer, the complexity of the questions could have led to differences in attention and 
boredom to result in poorer performance in younger children who were already restless after 
the previous two measures. It should also be acknowledged that several children asked to stop 
before they reached ceiling level due to fatigue or boredom, which could have resulted in 
them underperforming due to their waning concentration and interest. As such, while this 
measure may provide a broad overview of children’s formal science knowledge, it is not 
necessarily the best measure for assessing children’s actual formal science knowledge. 
Triad induction task 
Two observations were made during the research in relation to the triad induction 
task. Firstly, despite attempts to ensure that triads offered only two reasoning choices, it 
became apparent through the testing that children were utilising a third category when 
reasoning about shared properties or disease. Several children explained their choice of target 
by using the label of ‘wild’, an unforeseen category. As a result, this triad had to be removed 
from the overall triad induction scores. It was also noted that a number of children became 
fixated on the novel property names, with several asking what it was or trying to determine 
what it may be by the name. As a result, the researcher had to tell the children that the name 
of the property didn’t matter and was just made up. However, it is possible that this 
influenced how children reasoned when making their inferences.  
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It also became apparent throughout the testing that a number of children (mostly city) 
were not familiar with some of the native species included in the triads, despite all attempts 
made to use easily familiar, local species. Most frequent was the failure to identify the 
echidna, with children identifying this as a hedgehog or porcupine. Similarly, a number of 
children could not identify the platypus. This highlights the observations outlined in Chapter 
2, that young children are growing increasingly unfamiliar with their local species. A few 
recent studies, reported after the current project had begun, have suggested that contrary to 
the findings and recommendations made by Coley et al. (2005), while city children are 
demonstrating increasing unfamiliarity with local species, they may be more familiar with 
exotic species and their ecosystems, especially those that are most popularly portrayed in the 
media, at zoos, in aquariums, or other learning centres (Genovart, Tavecchia, Enseñat, & 
Laiolo, 2013; Torkar & Mavrič, 2016). This suggests that children may reason differently for 
these more familiar species than they may for local species. If this is the case, then it is 
possible that farm and city children may simply differ in how constrained their ecological 
reasoning is by their existing knowledge of different ecosystems, rather than a difference in 
reasoning strategies altogether.  
Parental communication  
Due to the scope of our research and in consideration of the length of the parental 
questionnaire, we decided to use a single measure to assess parental communication about 
death and dying. While this measure is useful for assessing parents’ general approach, 
attitudes and feelings about talking with their children about death, it cannot provide any 
insight into the frequency or content of these conversations. As such, the measure we used 
could not provide much insight into parents’ biological explanations, nor how this may 
influence their children’s understanding of causality and cessation, which appear to be 
strongly linked to conversations about the body.  
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It is also important to acknowledge that while parents may not talk effectively about 
death, nor differ in the way they talk according to their location, they may provide their 
children with information about related biological concepts which may be contributing to 
their overall death concept formation. As such, it may be that parents communication about 
related biological concepts (such as the human body, internal organs, and illness) could also 
contribute to children’s understanding, and may help to explain the observed differences 
between farm and city children’s understanding of cessation and the effect of parents’ 
education on the understanding of causality.  
Future directions 
In light of recent studies’ findings, it would seem that further research exploring 
parental communication should aim to assess: parents’ general feelings and approach, the 
content they do provide when such conversations occur, and how frequently such 
conversations take place in order to construct a more accurate picture of how parents 
communicate with their children about death. For example, future studies could consider 
combining the CDDQ with a question about how frequently parents communicate, or have 
talked in the past, with their children and combining this with a measure of what is said 
during such conversations. To do this, they could either ask parents to report what they have 
told their children in the past when the topic of death has arisen, or provide parents with 
questions children have been documented as asking in previous studies, such as those by 
Miller et al. (2014) and Renaud et al. (2013, 2015), and asking how they think they would 
respond to the questions. Responses could then be assessed using the scoring criteria 
developed for the CQADS.    
As we have mentioned, it may also be necessary to assess parent’s communication 
about biological concepts which have been found to be related to children’s understanding of 
death. Previous research has demonstrated that instruction in related concepts can result in 
CHILDREN’S BIOLOGICAL CONCEPTS 303 
children reconceptualising their concept of death, even when death is not explicitly 
mentioned during instruction. For example, Slaughter and Lyons (2003) found that children 
who had been instructed in the human body, and how different organs function (while never 
explicitly mentioning death) demonstrated significant improvement in their understanding of 
death, in particular causality, compared to their pre-test scores. Similar observations were 
made in a program designed to help Korean students learn about death in early childhood, 
where lessons involved discussion of the seasons, animal and human lifecycles, and related 
changes in growth and development (Lee et al., 2009). Therefore, exploring how parents may 
talk about these related concepts (for example, life, the human or animal body, bodily 
functions, the lifecycle of plants, animals or people, or how they explain what is alive) would 
also seem necessary if we wish to develop a truly representative picture of how parents 
influence their children’s biological concepts.  
Given that research has suggested that sociocultural factors play a strong role in 
children’s biological concepts, and the recent evidence suggesting parental education and 
socioeconomic status may play a role in young children’s understanding of death, it is clear 
that there is a need for further research to explore the influence of family factors and religious 
beliefs on children’s developing biological concepts, including death. It is also advised that 
researchers exploring parental influences on children’s concept formation also take parents’ 
profession and whether they work in fields which deal closely with the concepts of interest. 
Determining how parents with domain-specific knowledge may differ in their communication 
and the opportunities they offer their children, would allow for researchers to develop a 
greater understanding of how parents influence their children’s biological understanding.  
Based on the observations and findings of the current study, it is clear that there is a 
need to explore the possible differences in biological concepts and reasoning between 
children living in rural areas or on farms, and their city counterparts. While research has 
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focused on differences in Australian children’s literacy and numeracy performance depending 
on their locations, little research has explored whether children living on farms have an 
advantage in their understanding of early science, and whether this extends beyond early 
childhood. In particular, further research is needed to explore children’s understanding of 
biological phenomena and concepts which are easily observable or accessible in their home 
environment (For example, ecosystems, animals, internal organs, inheritance, birth, and 
illness).  
Given that children living in cities often have fewer experiences with nature, there is a 
need to explore what types of experiences (for example pet ownership, zoos, science centres) 
and sources of information (for example parental communication and the media) have a 
beneficial influence on children’s early biological concepts and hopefully encourage interest 
and motivation to learn more. This would seem to be especially important if we are to 
identify ways in which to bridge the differences which have been observed in lower SES 
children living in urban areas.  
Finally, we recommend that further research is needed to better understand the 
influence of religious beliefs on parental communication, children’s death understanding, and 
parental and children’s anxiety or comfort with the topic of death. Only by understanding 
how religious belief may influence these areas can we begin to understand the whole picture 
of how religious belief influences children’s understanding of death.  
Conclusion 
To date, research exploring how children come to understand the world from a 
biological perspective has primarily focused on children’s age and cognitive ability. While 
this research indicates generally consistent developmental trends in development, it also 
suggests that the rate at which concepts are acquired can be influenced by additional factors, 
while also highlighting the need to consider additional experiences and influences when 
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exploring how children develop their reasoning strategies and which sources children rely 
upon when consolidating new information into their existing theories.  
The current project provides interesting new insight into the influence of children’s 
rearing environment, including parental factors, religious beliefs, and direct experience with 
nature, on the development of children’s biological understanding. These findings contribute 
new support to the existing literature about how children’s naïve biological theories develop 
by providing additional evidence of the influence that sociocultural and experiential factors 
have on children’s biological concept development, as well as the approach parents take to 
discussing sensitive biological topics such as death.  
Most notably, the current project makes a novel contribution to the existing literature, 
by demonstrating that farm and city children’s naïve biological understanding develops 
differently. The decision to compare children living on farms and in cities provided us with a 
unique opportunity to explore how the experiences of children growing up on farms, where 
opportunities to experience and observe nature (as well as discuss natural phenomena with 
parents working in domain-relevant areas) are an everyday occurrence, may influence the 
development of children’s biological theories.  
Additionally, the current research provides new insight into the influence that parents’ 
religious beliefs may have on their children’s understanding of death, as well as how they 
approach communicating about death. Most interestingly, we found that parents’ religious 
belief, while affecting children’s death understanding through the way parents communicate, 
also has an independent effect on children’s death concept development above and beyond 
parental interactions.  
Finally, we sought to examine how children’s naïve biological theories develop by 
including an examination of formal school knowledge, allowing us to take into account the 
possible interactions between informal and formal learning experiences and influences. This 
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provided us with an interesting new insight into the importance of the school curriculum in 
helping children to reformulate their death understanding from the final stage of vitalistic 
causality to the more scientific understanding held by adults.  
Taken together, these findings contribute a strong argument for the need to ensure 
children are provided with direct experiences and opportunities to engage and learn about 
nature on a regular basis in order to promote children’s biological concept development, as 
well as identifying parental factors which can influence the rate at which certain biological 
concepts may develop. In addition, the findings indicate that formal schooling also 
contributes to children’s the development of children’s scientific and naïve biological 
concepts, even those not explicitly covered by the curriculum (such as death). Finally, we 
emphasise the need to consider children’s environment, culture, and family factors when 
exploring the development of children’s biological concepts and conducting further research 
into children’s conceptual development. 
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Appendices 
Appendix A – Parental Questionnaire 
Dear Parent, 
In answering the questions below, you will provide the researchers with information that we will 
collate to generate a description of the participant group that contributed data to this 
study.  Academic journals require this information when publishing results of our studies.  Your 
responses are voluntary. If you choose to leave any question blank this will not affect your 
child’s participation.  We thank you sincerely for your time and cooperation. 
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Demographic questions 
Child's name: _____________________________________________ 
Child's Date of birth: _____________ 
Child’s gender: male  female  
 
First parent’s name: _____________________________________________ 
First parent’s (or legal custodian) age:  
18 – 25  26 – 35  35 – 45  45 – 55  55 +  
Second parent’s name (if applicable): _______________________________________ 
Second parent’s (or legal custodian) age:  
18 – 25  26 – 35  35 – 45  45 – 55  55 +  
If you are a legal custodian of the child (other than parent), please indicate the relationship: 
Foster parent  
Relative    
Other    
1. What is the highest level of education achieved by the first parent?  
Year 10 (or equivalent) or below   
Year 12 (or equivalent)     
Certificate      
Diploma       
Bachelor’s Degree (including honours)   
Graduate Certificate     
Graduate diploma     
Masters Degree      
PhD       
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2. What is the highest level of education achieved by the second parent (if applicable)?  
Year 10 (or equivalent) or below    
Year 12 (or equivalent)     
Certificate      
Diploma       
Bachelor’s Degree (including honours)   
Graduate Certificate     
Graduate diploma     
Masters Degree       
PhD       
3. People sometimes describe themselves as belonging to the working class, the middle class, or 
the upper or lower class. Would you describe yourself as belonging to the…? 
Upper Class      
Upper-Middle Class     
Middle Class     
Lower-Middle Class     
Working Class      
Lower Class      
4. What is your Ethnicity? 
Australian/ English speaking       
European          
South Asian: Indian, Pakistani, etc.      
East Asian: Chinese, Japanese, etc.      
South-East Asian: Vietnamese, Malaysian, Thai, etc   
Arabic, Central Asian        
Aboriginal or Torres Strait Islander     
Other (please Specify)  _____________________________________________ 
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5. Do you identify yourself as Aboriginal or Torres Strait Islander? 
Yes    
No    
6. Would you say that you or your partner is…?  
Not at all religious   
A little bit religious   
Somewhat religious   
Quite religious    
Very religious    
7. With which religion do you identify? 
No religion/ Atheist    
Catholic      
Protestant     
Anglican/Church of England   
Uniting Church/Methodist   
Pentecostal     
Orthodox     
Other Christian     
Jewish      
Islamic     
Buddhist     
Hindu      
Other Asian religions    
Other religion - Please specify ________________________________________ 
Running head: CHILDREN’S BIOLOGICAL CONCEPTS 337 
8. Do you or your partner believe in life after death such as going to heaven or reincarnation 
(regardless of religious belief)?  
Yes      
No      
Not sure/ undecided    
9. Apart from such special occasions as weddings, funerals, etc., how often do you attend religious 
services? 
Several times a week or more often    
Once a week       
2 or 3 times a month      
Once a month       
Several times a year      
Once a year       
Less frequently than once a year    
Never         
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Please answer all of the following demographic questions to the best of your ability as they 
are relevant to the study 
10. Does your child have younger siblings?  
Yes    
No    
11. What are the siblings’ ages?  __________________________________ 
12. Has any death education taken place in your child's school?  
Yes    
No    
13. Would you describe the place where you live as …? 
Rural    
Suburban    
Urban    
14. Do you currently live on a farm? 
Yes    (Proceed to next question) 
No    (Go to question 18) 
15. Please indicate which industry you are primarily involved in: 
Primarily in livestock     
Primarily in producing crops    
Both livestock and crop production  
16. Does your child help with farming duties? 
Yes   
No   
17. Is your child familiar or aware of daily farming duties? 
Yes   
No   
18. Do you or your partner work in a job which deals closely with: 
Animals (e.g., veterinarians, RSPCA worker, zoo-keepers)   
Plants (e.g., gardener, botanist)      
CHILDREN’S BIOLOGICAL CONCEPTS 339 
Death (e.g., funeral director, paramedic)     
If yes, please specify: ________________________________________________ 
19. Does someone your child knows well (such as a close relative or family friend) work in a job 
which deals closely with: 
Animals:    
Plants:     
Death:    
If yes, please specify: ________________________________________________  
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Experience Questionnaire 
1. How many times throughout their lifetime has your child:  
 Never 
Once 
ever 
Once a 
year 
Several 
Times A 
year 
Once a 
month Once a week Daily 
Visited a zoo        
Visited a museum        
Visited a veterinary clinic        
Visited a hospital        
Visited an aquarium        
Visited a funeral home        
Visited a war memorial        
Been to a cemetery        
Seen a coffin        
Seen a baby animal        
Seen a dead animal        
Witnessed a birth        
Seen dead plants        
Seen an animal killed for food (for example, 
fish, chickens, etc.)        
Planted a seed and watched it grow        
Seen a mounted trophy (for example stag 
heads, mounted fish etc.)        
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Witnessed firsthand the effects of a natural 
disaster or event on living things (for 
example drought, fire, frost, hail, floods) 
       
 
2. How often does your child engage in the following activities in any given year? 
 Never Once ever Once a year 
Several 
Times A 
year 
Once a 
month 
Once a 
week 
Daily 
Fishing        
Hunting        
Gardening        
Catching insects        
Hiking/ forest walks        
Catching animals (e.g. 
tadpoles)        
Explored rock pools        
 
3. Does your child have a strong interest in animals?  
Yes    
No    
4. Has your child experienced the death of a close relative or friend? 
Yes    
No    
5. If yes, how many? ________ 
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6. Has your child experienced the loss of an extended family member or family friend (not including 
answer for Q4)?  
Yes    
No    
7. If yes, how many? ________ 
8. Does your child have a chronic or serious illness?  
Yes    
No    
9. Have they ever spent time in a hospital?  
Yes    
No    
10. Has any close relative of the child (parents or siblings) spent time in hospital?  
Yes    
No    
11. Does any close relative of the child (parents or siblings) suffer from a chronic or serious illness?  
Yes    
No    
12. Does your child own a pet?  
Yes    
No       continue to question 14 
13. How many pets do they own? ____________ 
14. What kind of pet do they own (select all that apply): 
Dog   
Cat   
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Horse   
Fish   
Bird   
Other (please specify) ______________________   
15. Have they raised a pet from infancy?  
Yes    
No    
16. Have they owned a pet that has died?  
Yes    
No    
 
17. Has your child experienced the death of a close pet?    
Yes    
No    
If yes, how many? ________ 
18. Have they owned a pet that has given birth? 
Yes    
No    
19. Does your child, or someone the child knows, own a pet which is fed live prey (for example 
snakes, lizards, or predatory fish)? 
Yes    
No    
20. Do you own any other animals that are not considered family pets?  
Yes    
No    
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Communication on Death and Dying Questionnaire (CDDQ) 
 
  
  Always Often Sometimes Rarely Never 
a) 
I find it difficult to respond to my child’s questions 
about death and dying      
b) I freely use the word death (dead, die, dying) when talking about this topic in the presence of my child      
c) 
I use euphemisms (for example: passed away, 
departed, perished, left us) when talking about the 
death of someone in the presence of my child       
d) 
I feel comfortable with the idea that in my child’s 
class the topic of death and dying would be 
discussed as part of the regular class curriculum      
e) 
I share (or I would share) with my child my 
feelings of sadness and loss when we talk about the 
death of someone meaningful to me      
f) 
When my child questions me about the topic of 
death and dying, I find myself not knowing what to 
answer      
g) I talk freely about death and dying with my child      
h) 
I feel comfortable saying to my child “I don’t 
know” or “I don’t have all the answers” when 
asked about death and dying      
i) I present death to my children with an analogy (a story) like “Grandpa went on a long journey”      
J) 
In the past I have used situations in nature (such as 
leaves in the fall, a dead bird, etc.) to initiate a 
conversation about death with my child      
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k) 
When my child inquires about death and dying, I 
use nature and the cycles of nature as part of my 
explanation      
l) 
It is difficult for me to find the right words and 
explanations when my child asks questions about 
death and dying      
m) 
In case of a death in my family, I would feel 
comfortable allowing my child to attend the funeral 
if she or he so wishes      
n) 
In case of a death in my family, I would feel 
comfortable allowing my child to attend the burial 
if she or he so wishes      
o) 
If my child’s school arranges for my child’s class 
to meet with a funeral home director to learn about 
what a funeral is and how it is conducted, I feel 
comfortable allowing my child to participate in this 
activity 
     
p) I have had conversations with my child about death and dying      
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Appendix B – Triad Induction Task 
Questions: 
Hypothetical Disease Condition: 
“There is this disease called X [insert property name]. Lots of things can 
get X. Right now some A’s [Base species] have X. So, do you think B’s 
[one target species] might get X like A’s, or do you think C’s [other target 
species] might get X like A’s?” 
Internal Property Condition: 
“There is this stuff called X. Lots of things have X inside. In fact A’s have 
X inside. Now, do you think B’s have X inside like A’s, or do you think 
C’s have X inside like A’s?”  Triads used in the Triad Induction Task 
Base Ecological Target Taxonomic Target property 
Rabbit Eagle Wild pig Pimu 
Carpet Snake Possum Cane Toad Erwin 
Platypus Waterlilies Echidna Profis 
Duck Turtle Cockatoo Higga 
Algae Freshwater Crocodile Sunflowers Andro 
Koala Gumtree Sheep Creigan 
Lucerne/ Hay Horse Mangroves Ilia 
Cattle Emu Rat Omat 
Lorikeet Mango Tree Pelican Lignin 
Fox Chicken Deer Badus    
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Appendix C - Standard Death Interview  
Inevitability 
Questions: 
1. Tell me some things that die? (if people are not named ask ‘do people die’) 
2. Do all [entities mentioned in answer to question 1] die? 
Scoring criteria 
0 points – people were not mentioned as dying, and when given question 2 people were held not 
to die 
1 point – people were not mentioned as dying, and when given question 2, people were held to 
die. Or, people were mentioned as dying but when given the forced choice people were not held 
to die. 
2 points – people were mentioned as dying, and all people were held to die 
 
Applicability 
Questions: 
3. Tell me some things that don’t die 
Scoring Criteria  
0 points – Only living things were mentioned (e.g., Kids, dogs, and fish) 
1 point – A mixture of living and non-living things were mentioned (e.g., books, bricks, trees, 
and old people) 
2 points – Only non-living things were mentioned (e.g., houses, fences, bricks) 
Irreversibility  
Questions: 
4. Can a dead person ever become a living person? 
5. If a person dies and they haven’t been buried in the [grave/ ground] for very long can 
they become a live/ living person again? 
Scoring Criteria  
0 points – incorrect on both questions 4 and 5 (answers “yes” to both) 
1 point – One of the questions 4 or 5 answered correctly (answers “no” to one) 
2 points – Both questions 4 and 5 answered correctly (answers “no” to both) 
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Causation 
6. Can you tell me something that might happen that would make someone die? When 
_____ happens, why does that person really die? 
Scoring Criteria  
0 points – External cause of death given (e.g., “knife because they are bad”)  
1 point – Reference to the body was given but did not refer to a biological cause (e.g., “knife, 
because it cuts into your body”) 
2 points – Fully explicit biological causal answer (e.g., “knife because it cuts your body and all 
your blood comes out so you die”) 
 
Cessation 
7. When a person is dead … 
a) Do they need food? 
b) Do they need to go to the toilet? 
c) Can they move around? 
d) Do they need water? 
e) Do they need air? 
f) Can they grow or keep getting older? 
Scoring Criteria 
0 points – two or fewer of items answered correctly 
1 point – more than 2 but fewer than 6 items answered correctly 
2 points – all items answered correctly.  
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Appendix D - Life Science Concept Questionnaire 
 
1. Take a look at the teeth of two animals shown below. What can you tell about the animals 
from the pictures? 
1. Both only eat meat. 
2. Both only eat plants. 
3. One is a meat eater; the other is a plant eater. 
4. One is a bird; the other is a mammal. 
5. One swims and the other flies. 
 
2. In the picture below, what is alive? 
1. The Sun.  
2. The mountain. 
3. The tree. 
4. The river. 
5. The snow.  
  
CHILDREN’S BIOLOGICAL CONCEPTS 351 
3. Lions are large meat eating animals that get their food by preying on smaller animals. 
What would happen to the lions in a fenced area if the small animals start to die? 
1. The lions would get larger. 
2. The lions would increase in number. 
3. The lions would start to eat grass. 
4. The lions would start to die. 
5. The lions would have more babies. 
 
4. During the winter, a brown bear will most likely react to the colder temperature by: 
1. finding a safe place to stay for the whole winter. 
2. making friends with a human family that will feed and shelter it for the winter. 
3. finding or making a warm winter coat for itself. 
4. following birds to a warmer place for the whole winter. 
5. deciding to make its fur thicker and warmer. 
 
5. When a cow is hungry, it is most likely to: 
1. get scared. 
2. go to sleep. 
3. eat some food. 
4. drink some water. 
5. do nothing. 
 
6. Which of the following do trees need to survive? 
1. Water, light and air. 
2. Water and light. 
3. Only air. 
4. Only light. 
5. Only water. 
 
7. Many of the land animals that live in a snowy area have white fur because it: 
1. absorbs sunlight better and keeps them warmer. 
2. keeps water out. 
3. is softer. 
4. looks nicer in the snow. 
5. makes them harder to see in the snow. 
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8. A baby girl is born to a farmer and his wife. She is adopted by her country’s king and 
queen. When the girl grows up, who will she most likely look like? 
1. The farmer’s wife. 
2. The farmer. 
3. The queen. 
4. Both the king and queen. 
5. Both the farmer and his wife 
 
 
9. The purpose of the pollen found in flowers is to: 
1. help make new plants. 
2. make humans sneeze. 
3. feed honeybees. 
4. hold the flower together. 
5. blow in the wind. 
 
10. Over time, a small tree surrounded by sunflowers grows into a large tree with leafy 
branches that hang over the sunflowers. What will the sunflowers most likely do as 
the tree’s leafy branches block out more and more sunlight? 
1. Grow as large as the tree to compete for sunlight. 
2. Learn to live without sunlight. 
3. Move to a place where there is more sunlight. 
4. Climb up the tree and live on its branches. 
5. Begin to grow more slowly. 
 
11. Some foxes that live in cold climates grow thicker fur during the winter. Why does this 
happen? 
1. Thicker coats are a natural response to an environmental change. 
2. When it gets colder the foxes decide to grow a warmer coat. 
3. Thicker coats help the foxes swim. 
4. Some foxes want to be like bears. 
5. Thicker coats are prettier. 
 
12. Which pair of animals could produce a baby animal together? 
1. A male dog and a female cat. 
2. A male dog and a female dog. 
3. A female dog and a male cat. 
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4. Two male cats. 
5. Any female animal and any male animal. 
 
13. African elephants are huge animals that need as much as 600 pounds of food each 
day. What kind of food do you think a large elephant eats? 
1. Mostly small animals. 
2. Mostly large animals. 
3. Mostly grass and leaves. 
4. Mostly rocks and minerals. 
5. Only peanuts. 
 
14. How does a plant get water? 
1. Through photosynthesis. 
2. By using chlorophyll. 
3. Through its roots. 
4. Through its flowers. 
5. Its stem sucks water from the ground. 
 
15. Which of the following parts of the body are involved in seeing? 
1. Only the eyes. 
2. Only the ears. 
3. Only the brain. 
4. Both the eyes and the ears. 
5. Both the eyes and the brain. 
 
16. Which of the following living things have lungs for breathing? 
1. Whales, humans and seals. 
2. Only humans and whales. 
3. Only humans. 
4. Only whales. 
5. Only seals. 
 
17. A large tree is struck by lightning and it comes crashing down. What will happen to 
that dead tree after 100 years? 
1. The tree will remain there unless someone moves it. 
2. The tree will remain there forever. 
3. The tree may come back to life after a long period of time. 
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4. The tree will be broken down by bacteria and fungi. 
5. The tree and all its parts will disappear forever. 
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18. Which of the following would benefit from replanting trees that have been cut down? 
1. Only humans. 
2. Only small animals. 
3. Only insects. 
4. Only microbes. 
5. All organisms would benefit. 
 
19. Jodie has a rose bush in a pot on her patio with thorns to protect against 
animals eating it. Jodie decides to bring the rose bush inside. What most 
likely happens to the thorns? 
1. They disappear. 
2. More of them appear. 
3. They stay the same. 
4. They get less sharp. 
5. They get sharper. 
 
20. Melissa and her parents have dark brown hair. When Melissa grows up, she dyes 
her hair blond. Melissa has children with someone who has dark brown hair. 
What color will their children's hair probably be? 
1. Light brown 
2. Dark brown 
3. Blonde 
4. Black 
5. Gray 
 
21. Seeds develop from which part of a plant? 
1. Stem 
2. Root 
3. Leaves 
4. Flower 
5. Branch 
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22. Jesse shaved off the fur on her two long-haired Persian cats. If her cats have kittens 
together, which of the following is most likely to be true about the kittens? 
1. They will be mostly male kittens. 
2. They will be mostly female kittens. 
3. They will have short fur. 
4. They will have long fur. 
5. Some kittens will have long fur and some kittens will have short fur. 
 
23. Which is one good way for humans to take good care of the environment? 
1. Build cars that use diesel instead of gasoline. 
2. Set aside land where humans can’t go. 
3. Take over parks in far away places to make room for solid waste. 
4. Dump liquid wastes only in certain streams. 
5. Drive cars that only use gasoline. 
 
24. A leopard living in the desert has fur that is tan with black spots. If that leopard were 
moved to a snowy mountaintop, what would its fur most likely look like? 
1. All white. 
2. White with black spots. 
3. Tan with black spots. 
4. Tan with spots. 
5. All tan. 
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Appendix E – Ethics Clearance, Consent and Information Sheets 
 
Dear Sarah 
  
Many thanks for submitting your application for student research project:  How does living on 
farms affect children’s understanding of the life cycle? An examination of the effects of 
environment, experiences and parent communication on children’s biological concepts. 
  
  
I have reviewed the application and am happy to provide approval, subject to one small 
addition.  On the consent form can you please add another part to point 2 [ I understand the 
purpose of the study, what I will be asked to do, and what my child will be asked to do] that says 
‘including having the interview audio-recorded’ 
You do not need to send in any further materials and once you have made the change the 
approval number is: 
  
14-PSYCH-MPH-29-JS 
  
  
Best wishes 
  
Jeanie 
  
Jeanie Sheffield PhD 
  
Room 122 School of Psychology 
The University of Queensland 
Brisbane Queensland  Australia 4072 
Phone: + 61 7 3365 6690 
Fax:  + 61 7 3365 4466 
Email:  jeanie@psy.uq.edu.au 
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  Dear Parents, In this study we are exploring whether children’s understanding of biology and the life cycle, including a more sophisticated understanding of death, varies according to whether they come from rural versus urban communities. We are interested how the child’s local environment, life experiences, and nature-based activities affect their biological knowledge. Because parents are among the most significant influences on their children’s cognitive development, we are also interested in examining how parents of these young children talk to them about the more complex aspects of the life cycle: namely death and dying.  This research is being conducted by Sarah Longbottom as part of the requirements of the Masters of Philosophy in Psychology at the University of Queensland under the supervision of Professor Virginia Slaughter. This study involves children taking part in an interview exploring their biological understanding of animals, their concepts of death and their emotional reactions to words like “death” and “funeral.”  We also ask for each child’s parent to complete two short questionnaires. One of the questionnaires examines parents’ thoughts and feelings about talking to their child about death and dying, while the other questionnaire asks parents about general nature and life-cycle related experiences and activities their child may have had. Such questions include: “How many times has your child visited a zoo?”, “How often does your child engage in fishing in any given year?”, and “Have they owned a pet that has died?”. Participation in this study will take about 30 minutes or less for your child, and only about 20 minutes or less of your time. You may complete the questionnaire while your child is being interviewed, or in your own time with return postage provided.  You are welcome to sit with your child while he/she is interviewed. 
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 The interview questions chosen for this study are all well established, highly regarded, and specifically designed for young children. Some of the questions directly ask children what they know about death (for instance, “Does a dead person ever feel hungry?”  and “Can a doctor bring a dead person back to life?”). Previous published research has established that the risk of emotional distress to children is very low. Similarly, the questionnaires we ask you to complete have been carefully designed to gather the necessary information, while being respectful of people’s feelings towards the topic of death. Based on previous experience, we do not expect any adverse responses as a result of participation in this study.  As a matter of course, we will provide you with a list of recommended books, websites and helplines that can provide further information or counselling about death and communicating about this sensitive topic with your child.   Participation in this study is completely voluntary and you are free to withdraw yourself or your child from the study at any time without prejudice or penalty. If you or your child wish to withdraw, simply stop doing the questionnaire and/ or contact the researchers to inform them that you no longer wish to take part in the study. Your child will be told prior to testing that if they wish to withdraw they can tell the researcher and the interview will end.  If you do choose to withdraw from the study any information collected to that point will be deleted and will not be included in the study.  The responses given by you and your child will be used only for the specific research purposes of this study. Children’s responses to the interview questions will be audio-taped, and the tapes kept strictly confidential. All data collected in this study will be stored confidentially and any information relating to you or your child will be treated with the utmost respect and privacy. Only members of the research team will have access to identified data. All data relating to you and your child will be coded under a randomly assigned number and subsequently analyzed and reported in such a way that responses cannot be linked to any individuals. The study will not document individual responses, but instead will be comparing the patterns observed in rural versus urban children and parents.  
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This study has been cleared in accordance with the ethical review processes of the University of Queensland and within the guidelines of the National Statement on Ethical Conduct in Human Research.  If you would like to speak to an officer of the University not involved in the study, you may contact one of the School of Psychology Ethics Review Officers, Jolanda Jetten (j.jetten@psy.uq.edu.au, tel 3365 4909), Jeanie Sheffield (jeanie@psy.uq.edu.au, tel 3365 6690), Thomas Suddendorf (tsuddend@psy.uq.edu.au, tel 3365 8341) or Alex Haslam (uqshasla@uq.edu.au, tel 3346 7345). Alternatively, you may leave a message with the School of Psychology Ethics Coordinator, Danico Jones at 3365 6448 for an ethics officer to contact you, or you may contact the University of Queensland Ethics Officer on 3365 3924, e-mail: humanethics@research.uq.edu.au . We would be very happy to answer any questions you might have about the project. You can contact Sarah Longbottom on 0401 129 133 or by email at sarah.longbottom@uqconnect.edu.au. Contact phone numbers and email address for Professor Virginia Slaughter are 3365 6220 (office) and vps@psy.uq.edu.au.   We place great value on participation by all families who volunteer and we hope you will agree to you and your child’s participation.  Sincerely, 
 Sarah Longbottom  
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Participant Consent Form School of Psychology, University of Queensland  I, ……………………………………………………………… [PRINT NAME], hereby grant permission for my child, ………………………………………… [PRINT NAME] to participate in this study, and agree to participate myself, in this research study.   In giving my consent I state that: 1. I have read the participant information statement and have been able to discuss my own and my child’s involvement in the study if I wished to do so and was happy with the answers. 2. I understand the purpose of the study, what I will be asked to do, and what my child will be asked to do, including having the interview audio-recorded. 3. I have been advised of the potential risks and burdens associated with this research which include the potential of distress in response to some of the questions relating to death and dying. 4. I understand that my own and my child’s participation in this study is completely voluntary and that I may choose not to answer any question or withdraw my consent.  I also understand that I may discontinue participation in the study at any time. 5. I understand that my child may stop the interview at any time if they do not wish to continue and that, unless I indicate otherwise, any recordings will be erased and the information provided will not be included in the study. I also understand that my child may choose not to answer any question that they do not wish to answer. 6. I understand that personal information about me and my child that is collected over the course of this project will be stored securely and will only be used for the purposes 
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that I have agreed to. I have been assured that my own and my child’s responses will be treated confidentially and will only be identifiable by the researchers involved in the study. 7. I understand that this study may not benefit me directly, but its results will hopefully benefit others in the future. 8. I understand that the results of this study may be published, and that publication will contain only group information and not personal or identifying information about me or my child.  Signed      Date 
_______________________________  / /  
Name (Please Print) 
_____________________________________________________________  
If you would like to receive a report on the findings of this study at the completion of the project, please tick the box below and provide a contact email address or mailing address: 
 Email Address:  ____________________________________________________ 
OR Mailing Address:  ___________________________________________________   
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  SCHOOL OF PSYCHOLOGY  
Early Cognitive Development Centre  
School of Psychology  
The University of Queensland  
Brisbane QLD 4072  
 
Your researcher today was Sarah…. 
 
 I, in collaboration with Professor Virginia Slaughter thank you for participating in my 
“Comparison of Children’s Understanding of Biology” research study today. My study examined 
whether children from farms and cities differ in their understanding of biological concepts such 
as animals, life, and death. And what factors might help improve this understanding. Below is a 
summary of what your child did today.  
 
Background  
Before children even begin attending school they are already learning about nature and the world 
around them. They start to develop an understanding about numerous biological concepts including 
what is inside the body, animals and their ecosystems, life and death, illness, and growth. Previous 
research has shown that this knowledge can be influenced by children’s everyday experiences. For 
example the child’s cultural group, the type and amount of contact they have with nature and 
animals, and how their parents talk to them, are all believed to influence children’s biological 
knowledge.  
However, to date no research has looked at possible differences in biological knowledge between 
children raised on farms and those raised in cities – especially in Australia where there are vast 
differences between rural and urban communities. Furthermore, while it is understood that parental 
communication and contact with nature influence the acquisition and development of biological 
knowledge in young children, there is still a lot to learn about these influences.   
The Current Study  
The current study compares city and farm children’s understanding of certain biological concepts, to 
determine whether there is any difference in the type and amount of knowledge they possess. In 
this study we ask your child questions about animal relationships, the topic of death as a biological 
event, and the biological facts covered by the Queensland school curriculum between kindergarten 
and year 4. We also ask you to provide information about your child, their experiences with nature, 
and how you communicate with your child about the topic of death (a biological concept almost 
exclusively taught to children by their parents or caregivers).  
You and your child’s involvement in this study will enable us to determine whether farm and city 
children differ in the amount and type of biological knowledge they acquire at different ages. Your 
involvement also enables us to gain new insights into the roles of parental communication and 
experiences with nature on children’s understanding of biology prior to and outside of formal 
schooling. Furthermore it will help us understand what aspects of everyday living can improve 
children’s understanding of biology.  
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Appendix F – Children’s Interview Script 
Prior to starting test 
I’m going to ask you all sorts of questions about things. There are no right or wrong answers, I 
am just interested in finding out what you know about animals, life and death, and some 
questions about animals and nature. I’d like you to try your best, but if you’re unsure of an 
answer you can say you don’t know.  
If you have any questions about something I ask or don’t know what a word means you can ask 
me and I will explain it for you.  
You don’t have to answer any questions you don’t want to, and we can stop for a break if you 
need one. If you don’t want to continue or you want to end the interview, all you have to do is 
tell me and we will stop. There’s nothing wrong with not wanting to continue if you don’t want 
to.  
Some of the questions may be a bit tricky, so please just try your best. It’s ok if you’re not sure; 
just tell me what you think.  
To make sure I write down everything you say properly I’m going to record our talk so I can 
make sure I’ve written down what you say right.  
Are you happy to take part in the study and for me to record our talk? Do you have any questions 
before we start? 
 
Triad Induction Task 
I’m going to show you some pictures of animals and plants and ask some questions about them.  
Some animals have special stuff inside them. I’m going to show you one animal that has a 
special thing inside it and then two other animals. I will ask you to tell me which of the other two 
animals you think also has that stuff inside them. 
Sometimes different animals and plants can get sick from the same thing. I’m going to show you 
an animal or plant that has a sickness and I’d like you to tell me which of the other animals or 
plants you think can also get this sickness.  
 
SDI 
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I’m going to ask you some questions about life and death and I would like to find out what you 
know. Remember, there aren’t any right or wrong answers; I just want to know what sort of 
things you know about.  
 
Life science test: 
Okay. Now I’m going to ask you some questions and then read out some answers. I want you to 
tell me which answer you think is the best one. It’s alright if you aren’t sure. Just tell me which 
one you think might be the right one.    
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Appendix G – Histograms for Normality Assessment for Studies 
Histograms for the Normality Testing used in Study 1 
 Figure 7.1. Histograms for the Dependent Variables used in Study 1. A histogram with normality 
curve overlaid for: A) Children’s Death Understnading, B) Ecological Reasoning, and c) Formal 
Science Knowledge.    
A B 
C 
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Histograms for the Normality Testing used in Study 2 
 
City Group 
 
Figure 8.1. Histograms for the Dependent Variables for City group. A histogram with normality 
curve overlaid for (left to right): Children’s Death Understanding, Ecological Reasoning, and 
Formal Science Knowledge for children living in the city.  
 
 
Farm Group 
Figure 8.2. Histograms for the Dependent Variables for Farm group. A histogram with normality 
curve overlaid for (left to right): Children’s Death Understanding, Ecological Reasoning, and 
Formal Science Knowledge for children living in on farms.   
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Histograms for the Normality Testing used in Study 3 
 
Figure 7.1. A histogram for Parental Communication Efficacy with normality curve overlaid 
 
 
Histograms for Parental Communication Efficacy by Rearing Location Group 
 
 
Figure 9.2. Histograms for Parent’s Effectiveness in Communicating about death by rearing 
location. A histogram with normality curve overlaid for (left to right): City group, and Farm 
group 
 
  
